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DEDICATION OF THE JAY L. LUSH AUDITORIUM 1 
The Jay L. Lush Auditorium was dedicated December 21, 1973. This auditorium is 
attached to Kildee Hall and is among the busiest and most-used teaching areas of the Uni-
versity. It can accommodate 410 persons and is a well-equipped major classroom for large 
University classes including the Department of Animal Science, and serves also as a meeting 
place for many industry groups and special seminars. The ground floor contains offices and 
laboratories used by the Department of Animal Science. 
This structure was named in honor of Dr. Jay L. Lush, Charles F. Curtiss Distinguished 
Professor in Agriculture at Iowa State University. 
Dr. Lush has received international recognition for his research and teaching. He pio-
neered in developing the modern field of animal breeding by combining the sciences of genet-
ics and statistics with knowledge of husbandry to make a useful science for improving 
domestic animals. He developed these concepts for animal improvement in a quantitative 
manner and applied them in his research. An integral part of Dr. Lush's work was his 
teaching. This, together with his research, resulted in a center for training in animal breeding 
that gained world-wide renown. His former students and academic grandchildren hold a large 
portion of the responsible animal breeding positions. 
J. L. Lush was born in Shambaugh, Iowa in 1896. He received his Ph.D. at the Uni-
versity of Wisconsin in 1921, and was employed in research at Texas A & M College until he 
came to Iowa State in 1930. He has published over 150 scientific papers and guided about 80 
students in Ph.D. programs. His book Animal Breeding Plans was a standard text for many 
years and his unpublished class notes, "The Genetics of Populations," served as the basis of 
his graduate teaching and for many of his students' graduate teaching. He has worked closely 
with many national agricultural agencies and has given freely of his time in many foreign 
countries, developing programs to produce food from animals more efficiently. 
For these contributions he has received many honors and awards from societies 
sponsoring symposia in his honor. These -include the Morrison Award from the American 
'Society of Animal Science and the Borden Award from the American Dairy Science Associa-
tion. He has received eight honorary doctorate degrees and other awards of distinction. Per-
haps the most significant of his awards was the National Medal of Science, awarded in 1969. 
Dr. Lush made the following remarks when the auditorium was dedicated in his 
honor: 
Response by Jay L. Lush 2 
I'm proud of this occasion, of course, although I am uncomfortably aware that others 
deserved the honor more. Also, I know that sheer luck had much to do with the things I did 
accomplish. In some ways they resemble the occurrence of an avalanche in the mountains. 
For an avalanche to occur at all requires some snow, of course, but the small event which 
1 An introduction by Albert E. Freeman, Professor, Department of Animal Science, Iowa State 
University, Ames, Iowa 50010. 
2 Professor of Animal Science, Charles F. Curtiss Distinguished Professor. 
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actually triggers the avalanche might just as well have happened a hundred yards to the right 
or to the left, or it might as well have happened yesterday or not until day after tomorrow! 
An avalanche is contagious in that once it starts, it jars things loose for hundreds of yards 
around. 
It is fitting that this room is part of the Hall named for Dean Kildee. He was head of 
Animal Husbandry in the Spring of 1929 when Iowa State College and I were inspecting each 
other and wondering how well we would get along if I were to join the team. He also acted as 
Dean of Agriculture in all matters which Dean Curtiss delegated to him. Those were numer-
ous, as Dean Curtiss was getting old and the College then had no regular retirement system. I 
was lucky in coming soon enough to get moderately well acquainted with Dean Curtiss. Dean 
Buchanan and Professor E. W. Lindstrom also weighed heavily in my conclusion that I would 
have every reasonable opportunity to do good work here. I was sure that President Hughes 
would look kindly on any reasonable recommendations they would make. 
In casting about for anything worth saying here in addition to my heartfelt thanks, it 
occurred to me that why and how this happened to me might be of some interest and might 
even contain a lesson or two about vocational guidance, although my version of that is prob-
ably biased. In the first place I didn't intend to do it! High school physics had been so inter-
esting that, when I graduated, I had decided to become an electrical engineer. A long, hot 
summer in Kansas City in 1912 cured me of that. I decided to live in the country and pro-
duce livestock. At 16 I started to college at Manhattan, Kansas, intending to take all the prac-
tical courses in livestock production that I could get in the one year for which I hoped my 
$225 would pay. Over my protests the professor who was to approve my schedule insisted 
that I take zoology. To my intense regret, the courses in farm blacksmithing and in farm 
poultry production wouldn't fit into my schedule! 
Most courses were interesting, and, by dint of economy and doing chores for my 
board and room on a farm within bicycling distance of the campus, about half of my money 
was still left at the end of the year. So, after a summer at home as therapy for the home-
sickness, I came back for my second year and tried to take all the "practical" courses I had 
missed the first year. (I still couldn't get the poultry and blacksmithing!) At the end of my 
second year in college I was stony broke, but had won a "scholarship" of $100 to assist in 
coaching the debating team. This, of course, required my being in college the coming year. 
Doing that would, for the first time make completing a college degree seem possible. I made 
a "flow" chart of the required courses that I had managed to avoid so far, and planned each 
classification so as to complete at the earliest possible date all courses that were prerequisites 
to other required courses. Also, I took a few courses in education then required for teaching 
in Kansas high schools. I planned, by such teaching, to repay the money I would need to 
borrow for that final year in college. (As it turned out I got a total of $1,000 for teaching 
nine months in high school and did repay the borrowed money. You will see that the cost of 
living was not high by present standards, although, of course, we thought it high and we 
complained!) 
In the fall of 1914 I was fascinated by genetics, as taught by E. N. Wentworth. His por-
trait now hangs in Kildee Hall to commemorate many achievements. He had an M.S. degree 
here and had also attended a special summer session at the Bussey Institution and one at 
Cornell. He was a dynamo of contagious enthusiasm. I helped in his experiments in the sum-
mer of 1916, before teaching agriculture and chemistry in a high school for nine months. 
When Wentworth went to the first Officers Training Camp early in 1917, he arranged for me 
to look after his experimental work, to keep the records, and to make any minor decisions 
which couldn't be postponed to await his own attention. Since he was training nearby at 
Funston and maintained a home in Manhattan, we held a conference at his home nearly every 
alternate Sunday-I reporting what had happened and he explaining the probable reasons and 
fostructing me about the changes in procedures. I got a Master's degree out of it, also war 
fever! In the first mail after I received my M.S. degree, came my orders to report the next 
day at the Air Service concentration camp in Dallas. 
In this M.S. year I didn't get a clear idea of real graduate work, as I see it in retrospect. 
I was still demonstrating and extending the texts. I did, however, learn some of the tech-
niques of research; I couldn't go through the motions without learning some of the notions! 
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Even in my senior year I must have done some thinking about an academic career, for 
I remember going once into the office of President Waters to ask him about getting a fellowship 
at some place like Ames or Purdue to do graduate work. I was scared almost speechless by 
the vehemence of his reply, - - - which was probably what he had in mind! He told me in no 
uncertain terms not to stop at Ames or Purdue, but to go on to Harvard and study under Dr. 
Castle, who would make a man out of me! 
After the year in the Air Service I began graduate work at Wisconsin with L. J. Cole, 
a keen but gentle cynic. I am sure that he accepted me on E. N. Wentworth's recommenda-
tions, although I never learned the details. Beginning with that summer session at the Bussey, 
they had become life-long friends. Of course the two years at Madison let me become ac-
quainted with some of the intellectual giants then on the Wisconsin faculty. Also, I was sur-
rounded by hundreds of graduate students, most of them veterans, as happened again late in 
the 1940's. (What a pity if it must take something as rough and disastrous as a major war to 
shake the nonsense out of the heads of many otherwise able students and get them to looking 
at once with common-sense and business-like skepticism at what their teachers tell them!) 
Aside from those in genetics, most that I came to know well were in nutrition, or economics, 
or zoology; but it seemed to me they came from everywhere and were interested in all topics. 
I began really to understand why continued research was so important if one wished to stay 
mentally alert in his field. 
After my Ph.D. thesis was done I went at once to the Texas Agricultural Experiment 
Station and stayed for nearly nine years. My only teaching there was in genetics during my 
first semester while I was getting acquainted and growing into my research problems. The en-
tirely different staffs for research, and for teaching, and for extension were housed on the 
same campus where they could consult each other freely; though we often did less of this 
than we should. This separation had some real advantages, especially for the beginning work-
ers, although it did handicap the graduate work. Little time was spent in committees! The 
number of farm animals available for research at Texas seemed enormous by contrast with 
the supply at Wisconsin, although, of course, nobody ever has enough. 
My attitude toward my work, both at Texas and here, was that I admired greatly what 
the breeders of farm animals had already done but I had an unshaken faith that they could do 
still more and could do it more quickly and with fewer mistakes if they could use the possi-
bilities that must be in the new and intriguing science of genetics. I could be most useful if I 
would clarify those possibilities and show the breeders how to use them. Each fresh contact 
with genetics would give me new enthusiasm. Then each attempt to apply what I had just 
learned would make me appreciate still more how intricate was the development end of 
"Research and Development." Always the applications seemed to need even more research 
than the initial basic research. Long ago I got over the idea that "basic" or "pure" research 
required any more ability than "applied" or "mission-oriented" research. They are a continu-
um, differing only in emphasis. In the latter the emphasis is on "What is so?" and "How does 
it really work?" In the former the emphasis is more on "Why is it so?" Because science has 
an endless frontier, we never get final or utterly complete answers, either to "What?" or to 
"Why?". We just quit at different stages, under the necessity of getting on with some other 
work which seems more important or more interesting than the unfinished work we are doing 
now. 
Orthodox genetics in the 1920's could be divided into gene chasing, cytology, physi-
ology, and biometry. I did some gene chasing but observed that, although the findings were 
true and explained many past and current observations, they rarely came close to answering 
the questions that were really bothering the breeders. Neither did the cytology, although its 
findings helped considerably in explaining how and why genetics worked as it really did. En-
docrinology I used in only one case in nine years! I used biometrical approaches again and 
again on the breeders' problems but these approaches seemed always to run into blind alleys 
after two or three steps. We couldn't make them shed enough light on the "why" of our ob-
servations to build a solid foundation for the next operational steps that the breeders might 
undertake. 
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Both institutions for which I worked made it easy for me to attend at least one na-
tional scientific meeting a year. There I met other workers, discussed our similar problems, 
and often got unexpected ideas from listening to the programs. (The encouragement did not 
always extend to paying my expenses but, at least, my employer never made me take it out of 
my vacation!) On alternate years I would go to the American Society of Animal Science, or 
to the American Association for the Advancement of Science. The former brought me closer 
to the realities with which our livestock producers were struggling. The latter refreshed me 
concerning the methods of basic science and the attitudes of men to whom economics and 
relevance to the everyday world were of minor importance but to whom basic principles were 
everything. Alternating them was good for me although it might not be a good formula for 
everyone. 
Iowa State University has been especially good at persuading outstanding scientists to 
stop for a couple of days between trains, to give us two or three lectures on recent discoveries 
in their laboratories. The high frequency of these at Iowa State was due partly to geography 
but largely to the wide acquaintance of Dean Buchanan and Professor Lindstrom, both in this 
country and in Europe. They desired most earnestly to further the progress of science here. 
Geography was influential in that people travelled mostly by train until the late 1940's, and 
Ames was on the main road between the Atlantic and the Pacific Coasts for many scientists. 
Buchanan went to international meetings frequently. Lindstrom had travelled Europe for a 
year about 1926, when he worked for the Rockefeller Foundation in recommending for or 
against grants to reconstruct scientific institutes from the damage of 1914-18, and in inter-
viewing promising young European scientists who were applying for postdoctoral fellowships 
to the United States, and also in guiding American applicants for a year of postdoctorate 
study in Europe. In the 1920's and 1930's this Foundation was the main source of such 
grants in science and in medicine. Information about worthwhile persons who might be com-
ing to Ames in the next two or three years seemed to flow naturally to Buchanan and 
Lindstrom for the next two or three decades, although, of course, they worked at it continu-
ally. Funds which could be used to help bring such men to Ames were then available to Dean 
Buchanan in the budget for the Graduate College. Usually he would approve granting such 
funds only if at least three departments would join vigorously in the request. Naturally this 
gained cooperation and minimized departmental log-rolling. Perhaps the outstanding event of 
this kind was the six weeks R. A. Fisher spent here in the summer of 1931, but many others 
also had an impact on science at Iowa State . 
Iowa State University was always good at granting improvement leaves, although these 
usually were without pay. For example I commuted from Ames to Chicago for 10 weeks in 
the spring of 1931. The occasion was (1) that Sewall Wright was conducting (probably for 
the last time at Chicago) his class in population genetics; (2) that I needed to be prepared for 
the lectures that Fisher was to give at Iowa State that summer; (3) that I was already far 
enough into my research to need definitely the help that I know these two men could give 
me; and ( 4) my graduate students could look after my beginning projects at least as well as I 
had done for Wentworth some 15 years earlier. I came back to Ames on alternate week ends 
to work intensely with those students and projects. 
After the early 1930's things seemed to work for me almost automatically, with op-
portunities to do interesting things coming as soon as I was ready for them. I have the strong 
impression that at every step of the way I made the decisions myself. Yet, at times I know 
that a teacher or friend was nudging me in one direction, rather than in the other. Perhaps 
this happened oftener and I was less independent in my choices than I really thought? It is 
somewhat like the question of how much free will we really do have. Most of us feel that we 
have plenty of free will but can we really prove it? 
I hope that this auditorium will be the scene of many an interesting lecture on new 
developments in science, and that those findings will have an obvious and close bearing on pro-
moting human welfare; but that is by no means a sine qua non. To paraphrase Anton Carlson, 
I hope that both the speakers and their audiences will concentrate on "Vot iss der effidence?" 
and on "What does it mean?" 
You will agree that I have not given you any clear formula for how to get an auditorium 
named for you! 
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CALCULATION OF WATER TEMPERATURES IN 
CLEAR LAKE, IOWA1 
Theodore V. Jacobsen 2 and Roger W. Bachmann 3 
ABSTRACT. A 16-year series of daily water temperature readings from the Clear Lake Water 
Treatment Plant was used to develop a regression equation for the calculation of lake water 
temperatures during the ice-free portion of the year. Daily maximum and minimum air tem-
peratures from a local observation station were used as the independent variables. The rela-
tionship that gave the minimum standard deviation from regression was Y = 1.40 + 0.980 X, 
where Y is the estimated water temperature (C0 ) on a given day and Xis the average of the 
maximum plus minimum daily air temperatures (C0 ) on that day and the previous 9 days. 
Daily water temperatures can be calculated with a standard deviation of 1.84 C by use of the 
equation. Similar relationships were developed for Oneida Lake,New York, Lake Maxinkuckee, 
Indiana, and Big Spirit Lake. 
INTRODUCTION 
Clear Lake is a shallow lake in northcentral Iowa. It has a surface area of 1,474 ha, a 
maximum depth of 6 m, and a mean depth of 3.7m(Pearcy,1952). Its maximum length of 
7. 7 km lies along an east-west axis, so prevailing westerly winds prevent permanent thermal 
stratification during ice-free periods. 
Research on fish populations in the lake was started in 1941 and has continued to the 
present. Some temperature data were collected as a part of these studies. Information on 
daily water temperatures, however, did not become available until 1950 when the Clear Lake 
Water Treatment Plant began compiling records. These data provide opportunities for studies 
on the effects of water temperatures on various aspects of the life cycles of the fish popula-
tions. To extend these studies to the years before 1950, we investigated the possibility of 
using meteorological data to calculate lake water temperatures. 
A very detailed approach to this problem has been followed by Edinger, Duttweiler, 
and Geyer ( 1968) who developed equations for the various physical processes acting to add 
or subtract heat from a lake and solved these equations to obtain water-temperature estimates. 
Unfortunately, we were unable to apply this rigorous approach to Clear Lake because of a lack 
of necessary information on such parameters as solar radiation, wind speed, and atmospheric 
vapor pressure. 
1 Journal Paper No. J-6998 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, low~. Project 1374. A contribution from the Iowa Cooperative Fishery Unit, spon-
sored by the Bureau of Sport Fisheries and Wildlife (U.S. Dept. Interior), Iowa State Univer-
sity of Science and Technology and the Iowa State Conservation Commission. 
2 Present address: lchthyological Associates, RD 1, Berwick, PA 18603. 
3 Professor, Department of Zoology and Entomology, Iowa State University, Ames, Iowa 
50010. 
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Other authors have used a more empirical approach by developing relationships be-
tween air and water temperatures for a particular body of water. Neess and Bunge (1956)re-
ported that surface-water temperatures and local air temperatures were closely related at Lake 
Mendota. Sette (1940) used air temperatures to calculate rates of temperature change in 
Lake Meade and applied the technique to predict temperatures in the future from Shasta 
Reservoir, California. Rawson (1958) found these predictions were very close to the observed 
temperatures after the reservoir was constructed. McCombie (1959) found that he could use 
air temperatures to estimate monthly mean surface-water temperatures in South Bay, Ontario, 
within a range of 1.5 F (0.83 C). He found average water temperatures tended to lag behind 
average air temperatures, and he used two regression equations, one for the warming period 
(April through July) and another for the cooling period (August through November). 
A technique that eliminates this lag effect was developed by Dutton and Bryson in 
1962 for Lake Mendota (R. A. Ragotskie, personal communication). It is based on a linear re-
lationship between daily water temperatures and the sum (or average) of the local air tempera-
tures for several previous days. The purpose of this study was to apply this technique to Clear 
Lake to determine its usefulness for calculating lake water temperatures for the years before 
1950. 
We would like to acknowledge the cooperation of Mr. Vern Hines, Superintendent of 
the Clear Lake Water Treatment Plant, who made available the water temperature records col-
lected under his direction. 
METHODS AND MATERIALS 
The water temperatures were obtained from the Clear Lake Water Treatment Plant lo-
cated on the northeastern end of the lake. The intake is located 150 m from shore at a depth 
of 3 m at a point where the lake is 4 m deep. Water temperatures were recorded daily by 
plant personnel at about 1300 hours. Measurements were made in a settling tank after aera• 
tion and the addition of flocculating and coagulating chemicals. Comparisons of these 
temperatures with those in the lake indicate that they are representative of the temperature 
of the lake as a whole. For this study we used a 16-year series of water temperatures for ice-
free days for 1950 through 1965. The median thawing date in this lake is April 3; the median 
date of complete ice cover is November 27. 
Daily maximum and minimum air temperatures for the same period were obtained 
from the weather station at Mason City, Iowa, 16 km east of Clear Lake (U.S. Weather 
Bureau, 1950-1965). Both the water and air temperatures were reported in degrees Fahren-
heit. All our calculations were carried out in those units, with a later conversion to the 
Celsius scale. 
Regression analysis was used to determine the optimum number of days of air temper-
atures to be averaged and whether the minimum, maximum, or minimum plus maximum daily 
air temperatures provided the most precise estimate of water temperatures. The independent 
variable was taken as the average of the air temperatures for a given number of days, and the 
dependent variable was the water temperature on the last day of the series. A least-squares 
regression line was calculated for the paired values (Snedecor, 1956), and the sample standard 
deviation from regression was calculated and used to evaluate the precision with which a given 
regression estimated the water temperatures. The object was to select the combination of air 
temperatures that yielded the minimum standard deviation from regression. 
RESULTS 
A preliminary analysis was made on a portion of the data consisting of the water tem-
peratures recorded on the 15th of each month from April through October for 1950 through 
1954. These were regressed against air temperature sums of 2, 4, 6, ... and 20 days by using 
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Fig. 1. Standard deviations from the regressions of water temperature on the 15th day of each 
ice-free month from 1950 to 1954 versus sums of the preceding daily minimum, maxi-
mum.and minimum plus maximum air temperatures as a function of the number of 
days summed. 
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maximum, minimum, and maximum plus minimum air temperatures to give 30 regression 
lines. The standard deviations from regression for these calculations are given in Figure 1. As 
the number of days summed was increased, the standard deviations decreased to a minimum 
value and then increased as more days were included. Since the lowest deviation was found 
with the sum of the maximum and minimum air temperatures, one half of this sum was used 
to represent the daily air temperatures in all subsequent calculations. 
This preliminary analysis was used as a model to write a computer program to analyze 
the air-water temperature relationship for each of the 16 years under consideration. Regres-
sions were run by using averages of 2, 3, 4, ... and 20 days of air temperatures. The minimum, 
sample standard deviations from regression ranged from a low value of 1.08 C in 1957, using 
a 9-day average, to a high value of 1.66 C in 1952, with an 11-day average. For 12 of the 16 
years examined, the minimum standard deviations were found for the 9-, 10-, or 11-day aver-
ages. The highest number of days that gave a minimum standard deviation was 22 in 1953. 
None of the years had a minimum for an average of less than eight days. No relationship 
could be found between the number of days yielding a minimum standard deviation and the 
water level in the lake during that year. 
In order to find a predictive equation that would best apply in any year, the data from 
the entire 16-year period were combined and regressed on the five most promising averages of 
air temperatures (8, 9, 10, 11, and 12 days per average). The minimum standard deviation 
from regression of 1.84 C was found for the 10-day average of maximum and minimum air 
temperatures. The prediction equation is given by 
Y = 1.40 + 0.980X 
where Y is the estimated water temperature on a given day and X equals the average of the 
maximum and the minimum air temperatures on that day and the previous nine days. The 
coefficient of determination (R 2 ) was 0.93 for this regression, showing that 93% of the vari-
ance in water temperature can be accounted for by the 10-day sum of air temperatures. 
Nineteen of 20 estimates of daily water temperatures should therefore fall within :'.: 3.62 C of 
the true value when this regression is used. 
The above procedure gives equal weight to the air temperatures on each of the 1 O' 
days in the average. We tested to see if unequal weights would significantly improve the re-
gressions. The 1954 data were used in a multiple regression with the water temperature as the 
dependent variable and the air temperature on that day and each of the preceding nine days 
as the independent variables. This yielded a coefficient of determination (R2 ) of 0.96 in con-
trast to a coefficient of 0.95, which was obtained when a simple unweighted 10-day average 
was .used. From a practical standpoint the simplicity of the unweighted average appears to 
outweigh the increase in precision obtained with a weighted average. 
The equation also was used to calculate the water temperatures for each ice-free day 
in 1953 and 1957. These two years were chosen because 1953 had the highest standard de-
viation from regression for a 10-day sum (2.20 C), and 1957 had the lowest (1.10 C) thus 
representing the worst and the best fits of the 16-year period. The calculated temperatures 
are plotted in Figure 2, along with the actual temperatures measured at the water treatment 
plant. On the basis of these plots and the calculated confidence intervals, we believe that this 
technique is applicable to the estimation of past water temperatures in Clear Lake. 
For comparison we also applied the above method to three other lakes. Surface water 
temperatures for Big Spirit Lake, Iowa, on 287 days in 1969 and 1970 were obtained from 
the records of the U.S. Geological survey (1969-1970). Dr. John Forney supplied us with 
records of water temperature obtained from a depth of about 2 meters in Lake Oneida, New 
York. We used 442 measurements made in the years 1970, 1971, and 1972. The only lake in 
our sample with a permanent thermal stratification was Lake Maxinkuckee, Indiana. We used 
541 daily measurements of surface water temperatures recorded in the years 1899, 1900, and 
1901 (Evermann and Clark, 1920). 
The results of these calculations are compared with those for Clear Lake in Table 1. 
In general the method was useful in all four lakes with the sample standard deviation from re-
&ression ranging from 1.17 C in Big Spirit Lake to 2_08C in Lake Maxinkuckee. The number 
of days that produced the best fit ranged from 10 to 26. For comparison, Dr. Reid Bryson 
(personal communication) has indicated that 14 days produced the best fit for Lake Mendota, 
Wisconsin. 
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Fig. 2. Estimated and actual daily water temperatures, dotted and solid lines respectively, for 
the ice-free periods during 1953 and 1957, Clear Lake. 
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Table 1. Comparison of Clear Lake temperature regressions with those of three other lakes. 
The number of days averaged represents the value that yielded the minimum stan-
dard deviation from regression (SD). a=regression intercept, b=regression slope, A= 
lake area in hectares, z=mean depth in meters, Zmax=maximum depth in meters. 
No. Days 
Lake Averaged SD a b A z zmax 
Clear Lake, Iowa 10 1.84 1.40 0.98 1,474 4 6 
Oneida Lake, New York 15 1.24 4.39 0.877 20,750 8 17 
Lake Maxinkuckee, Indiana 16 2.08 2.14 0.958 750 7 27 
Big Spirit Lake, Iowa 26 1.17 -1.54 0.955 2,168 5 6 
DISCUSSION 
This method would be most useful if one could determine the optimum number of 
days of air temperatures to be averaged without first having to collect a long series of air and 
water temperatures. From our data, however, there is no indication that the optimum num-
ber of days to be averaged bears any simple relationship to the area, mean depth, or maximum 
depth of the lake. Furthermore, the lakes with the longest and shortest number of days of 
averaged air temperatures were the closest geographically and should be subjected to the most 
similar climatic conditions. 
On the other hand, a less than optimum solution may be sufficient for many purposes. 
For example, the sample standard deviation from regression for the Big Spirit Lake predictive 
equations is increased to only 1.40 C if a 15-day average is used rather than one for 26 days. 
On this basis it is suggested that a rolling average of from 10 to 15 days of air temperatures 
provides a good first approximation to the surface water temperatures of lakes similar in size 
and location to those investigated in this study. 
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DETAILED YIELD ANALYSIS OF THE EFFECT 
OF DIFFERENT PLANTING DATES ON SEVEN 
SOYBEAN VARIETIES 1 I 0. G. Carter 2 
ABSTRACT. Detailed yield analysis on a per-node/m 2 basis was made of three indeterminate 
soybean varieties ('Clay', 'Wirth', and 'Corsoy') sown on six planting dates at latitude 43°N at 
Kanawha, Iowa, U.S.A. A similar experiment with one indeterminate variety ('Bethel') and 
four determinate varieties ('Hill', 'Lee', 'Bragg', and 'Hardee') was planted on five planting 
dates at latitude 34°S at Camden, N.S.W., Australia. 
The number of fertile nodes per plant was a critical factor influencing yield with in-
determinate soybean varieties. With determinate varieties, however, fertile node number re-
mained relatively constant over a wide range of planting dates, and a decline in node number 
was related to low yield only at very late planting dates. Delayed planting reduced average 
number of pods, seed per pod, and seed size at Kanawha; this reduction occurred mainly at 
the upper nodes. 
At Camden, seeds per pod and seed size remained relatively constant, but pods per 
node declined at nodes near the center of the plant with delayed planting. Number of seeds/ 
m2 was the dominant factor controlling yield at both sites, with seed size becoming more im-
portant with poor conditions during grain filling, caused by delayed planting at Kanawha or 
use of a late-maturing unadapted variety (Hardee) at Camden. Poor conditions for grain filling 
also gave reduced oil content of the seed at Camden. 
Plant breeders and agronomists should aim to provide genotypes and environments 
that increase the number of fertile nodes with indeterminate varieties and increase fruit set 
with both determinate and indeterminate varieties. 
INTRODUCTION 
Hartwig (1954), Johnson et al. (1960), Leffel (1961), Weiss et al. (1950) as well as 
others have studied the effect of planting date on growth and yield of soybeans, but none of 
these studies has presented a detailed analysis for understanding how yield is produced in in-
determinate and determinate soybean varieties. The aim of the two experiments reported 
here was to make a detailed examination of node development, pod lo<!ation, variation in seed 
size, pod number, seeds per pod, and branching of seven varieties of soybeans planted on a 
number of different dates. This information should form a basis for better understanding soy-
bean adaptation, and provide a possible guide to attempts by soybean breeders to increase 
yields by modifying plant type. 
1 Journal Paper No. J-7704 of the Iowa Agriculture and Home Economics Experiment Sta-
tion, Ames. Projects 1938 and 1860. 
2 Visiting Lecturer in Agronomy, Iowa State University, Ames, Iowa 50010. Permanent ad-
dress: Department of Agronomy, University of Sydney, N.S.W., 2006, Australia. 
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MATERIALS AND METHODS 
One of the experiments described was at Kanawha, Iowa, U.S.A. in 1972, and the 
other at Camden, N.S.W., Australia, in the 1970-71 growing season. Details of location, 
experimental methods, and climate during the growing seasons are given in Tables 1 and 2. 
Table 1. Details of experimental methods. 
Site: 
Latitude: 
Soybean varieties: 
(maturity group) 
Row spacing: 
Plant population: 
Planting dates: 
Design: 
Measure men ts: 
Moisture: 
Experiment A 
Kanawha, Iowa, U.S.A. 
43°N 
Clay (0) 
Wirth (1) 
Corsoy (2) 
101.6 cm 
12 beans/30 cm of row 
May 15 
June 10 
June 20 
July 1 
July 10 
July 20 
Randomized blocks 
3 replicates 
Yield (5 m2 quadrat) 
Plant population at 
harvest ( 3 x 1 m row 
lengths) 
20-plant subsample 
height, pods/node 
weight, seeds/node 
seed size/node 
seed number/node 
number of branches 
number of nodes 
number of fertile nodes 
internode distance 
Natural rainfall 
Experiment B 
Camden, N .S.W ., Australia 
34°S 
Bethel (4) 
Hill (5) 
Lee (6) 
Bragg (7) 
Hardee (8) 
50 cm 
8 beans/30 cm of row 
November 2 
November 17 
November 30 
December 14 
December 28 
Randomized blocks 
3 replicates 
Yield(4 m2 quadrat) 
Plant population at 
harvest ( 4 m2 area) 
10-plant subsample 
height, pods/node 
weigh~ seeds/node 
average seed size 
seed number ( grams/m2 ) 
seed size 
number of nodes 
number of fertile nodes 
% oil 
% protein 
Spray irrigation 
All subsample plant data for yield components have been expressed on an area basis 
(m2 ). This has been calculated by multiplying the subsample value by the ratio of the large 
quadrat grain yield (grams/m2 ) over the subsample yield (grams). It is assumed that the sub-
sample of randomly selected plants is representative of the plant population. The use of plant 
population at harvest as the factor to convert data to an area basis compounds sampling error. 
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Number of fertile nodes in Experiment A is arbitrarily determined as any node that 
averages more than one seed per plant for the 20-plant sample. For Experiment B a fertile 
node was any node where weight of seed per node/m2 exceeded the 100-seed-weight divided 
by seven, which is approximately the same as for Experiment A. 
Table 2. Climatic data for the two experimental sites. 
Month 
1972 
May 
June 
July 
August 
Experiment A 
Kanawha - Lat. 43°N 
Rainfall 
mm 
127 
73 
126 
59 
September 128 
October 88 
Killing frosts April 25 and September 30 
Temperature 
Max. Min. 
oc oc 
22.3 9.2 
25.4 12.3 
26.4 14.8 
26.4 15.1 
22.2 8.8 
14.6 1.5 
Experiment B 
Camden - Lat. 34 °S 
Temperature 
Max. Min. 
Month oc oc 
1970 
November 24.1 13.1 
December 27.1 16.6 
1972 
January 28.1 17.0 
February 27.4 19.4 
March 25.9 16.2 
April 23.2 11.7 
May 20.4 7.3 
Killing frost May 25, 
light frost May 3 
Pods from individual nodes were hand picked and threshed separately for both experi-
ments. In Experiment B only total seed weight was determined on a node basis, but in Ex-
periment A seed number and seed size as well as total weight were determined on an indivi-
dual node basis. Pods on branches were included with the node at a similar sequential posi-
tion on the main stem. This was usually at a similar level in the crop canopy, depending on 
branch angle and internode spacing on the branch compared with the main stem. A branch 
was classified as such if it had more than one node. Empty pods were not counted. All seeds 
greater than 2.0-mm diameter were included with the hand-threshing procedure. The first 
node was always the primary leaf node; the cotyledonary node was not counted. Total height 
was from soil surface to the apex, and the length of node 1 was the distance from soil surface 
to the primary leaf node. Seed from Experiment B was analyzed for oil content by using the 
nuclear magnetic resonance method; protein, by using the UDY method calibrated against 
Kjeldahl. 
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STATISTICAL ANALYSIS 
All whole-plant data were subject to analysis of variance, and LSD values were given 
where appropriate. Plant data on a node basis have not been statistically analyzed, but the 
range of values of the three replicates is indicated by a stroke to either side of data points in 
the figures. 
The yield components for the two experiments have been subjected to both simple re-
gression and stepwise regression against yield in an attempt to allocate relative importance in 
determining yield to the various yield components and growth characteristics related to yield. 
RESULTS AND DISCUSSION 
Growing conditions were excellent at both experimental sites, as indicated by the 
yields obtained-55 q/ha (80 bu/ A) at Camden and 35 q/ha (53 bu/ A) at Kanawha. Ade-
quate moisture was provided by above-average seasonal rainfall at Kanawha and spray irri-
gation at Camden. The major difference between the two sites is in the length of the ef-
fective growing season. Rapid fall in temperature and killing frosts caused an abrupt end to 
the growing season at Kanawha; temperatures fell much more slowly at Camden (Table 2). 
Experiment A 
Whole-plant data in Table 3 showed highly significant responses to both variety and 
planting date for all factors measured except plant population, which could not be analyzed 
because counts were only taken on one replicate. The latest-maturing adapted variety, Corsoy, 
gave greatest yields, and the earliest-maturing variety, Clay, which is adapted to 46°N latitude 
in Minnesota, gave lowest yields. Node number and fertile node number were closely related 
to yield both for varieties and planting dates. Greatest yields were always found with the 
greatest number of nodes, which was at the first planting date for Corsoy and Wirth, and the 
second planting date for Clay. Pods/m2 were greater for all varieties at the second planting 
date, and at the second and third planting dates for Clay. Lower seeds per pod and seed size 
prevented any yield response to increased podding with Corsoy at the second planting, and 
reduced seed size prevented a yield response to increased podding with Wirth at the second 
planting. 
Greater fruit set at the second and third planting dates gave higher yields than at the 
first planting date with Clay. Delayed planting reduced plant height with Corsoy and Wirth, 
but with Clay plant height increased with delayed planting, except for the last two planting 
dates. Branching was least for all varieties at the first and last planting date. Lower plant 
population, occurring at the second planting date, favored branching, which was least on, 
Wirth. Seed size decreased with delayed planting of all varieties, but this decline was less 
rapid with Clay. Seeds per pod were greatest with Wirth and declined with delayed planting 
of all three varieties. 
Detailed Node Distribution 
(a) Internode length (Fig. 1). All varieties showed a sigmoid type of cumulative node-
height curve, with shorter internodes at the bottom and top of the plant. Delayed planting 
increased the internode length of lower nodes. Reduced height with later planting was be-
cause of a reduction in number of nodes. Early planting to reduce plant height with a mini-
mum reduction in node number should reduce lodging without reducing yield. Earlier plant-
ing (late April) has been shown to reduce plant height of full-season varieties, such as Wayne, 
at Ames, Iowa (D. E. Green, personal communication). 
m 
Table 3. Yield, yield components, and plant characteristics for Experiment A. 'Tl 'Tl 
m (') 
Planting Yield Node Fert. No. No. No. Height Plants Wt./100 No. 
..., 
0 
date quintals/ha no . node no. seed/m2 pods/m2 seeds/pod (cm) m2 seed branches 'Tl 
"'C 
CORSOY t""' > z 
..., 
1 35.4 18.4 18.0 2113 942 2.24 103.4 23.9 16.77 28.0 z 
2 29.3 15.0 13.7 2065 1008 2.05 96.6 17.4 14.18 66.3 CJ tl 3 25.9 13.1 12.7 1839 928 1.98 89.0 30.2 14.03 45.3 > 
4 15.8 12.0 11.3 1439 786 1.83 76.3 21.9 10.98 45.3 ..., m 5 8.9 10.9 8.7 1020 594 1.72 68.3 23.6 8.73 42.3 (/) 
6 1.7 8.9 4.3 259 176 1.47 52.3 21.7 6.66 25.3 0 z 
(/) 
WIRTH 0 
....:: 
1 27.8 17.1 16.0 1525 634 2.41 91.1 31.2 18.20 4.7 t:C m 
2 25.8 14.7 14.3 1757 716 2.54 83.7 21.4 14.73 29.7 > 
3 23.3 12.7 12.3 1546 667 2.31 77.5 31.8 15.12 9.0 z (/) 
4 15.6 11.3 10.7 1314 601 2.18 71.0 27.6 11.86 5.7 
5 8.7 10.4 8.0 944 446 2.12 61.1 28.2 9.24 6.0 
6 3.3 8.3 4.7 487 241 2.02 48.9 29.5 6.80 1.7 
CLAY 
1 18.4 10.9 10.0 1130 583 1.94 49.6 32.5 16.19 27.0 
2 24.5 11.4 10.0 1618 734 2.20 60.3 23.3 15.11 48.7 
3 21.2 9.6 9.0 1423 669 2.13 55.4 40.1 14.88 44.0 
4 18.7 8.8 8.0 1199 627 1.91 54.5 34.4 15.61 47.7 
5 14.3 8.3 7.0 1146 596 1.93 47.2 33.2 12.53 58.7 
6 5.3 7.4 6.0 670 408 1.64 45.1 35.4 7.88 29.7 
LSD5% 1.6 0.6 1.0 107 57 0.12 2.8 ---- 0.55 10.8 
1% 2.1 0.9 1.4 144 77 0.16 3.8 ---- 0.74 14.4 
F values for all factors were significant at the 1 % level for both varieties and planting dates. 
t-.l 
IC 
VI 
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(b) Pods per node/m2 (Fig. 2).All varieties showed a relatively flat curve for pod dis-
tribution at the first planting date because of sparse branching. Pod numbers on the lower 
nodes tended to remain relatively constant with delayed planting, but there was a trend for 
more pods on the lower nodes with Wirth. All varieties showed a reduction in pod numbers 
on the upper nodes with delayed planting. This was associated with reduction in the total 
number of nodes as well as a reduction in the number of pods per node. The only exception 
was with Clay on which there were more pods on the upper nodes at the second planting date. 
The node with maximum number of pods tended to be lower on the stem with delayed 
planting. 
(c) Seeds per pod (Fig. 3). Seeds per pod tended to remain constant for all nodes 
with Clay, except at the last.planting date when a sharp drop occurred on the upper nodes. 
Corsoy and Wirth showed a decline in seeds per pod at the upper nodes with delayed plant-
ing. Seeds per pod were decreased at the lower nodes of Corsoy and Wirth, probably because 
of poor light penetration to the base of the canopy. 
(d) Seed number per node/m2 (Fig. 4). Seed number (the product of data shown in 
Figs. 2 and 3) further emphasizes the importance of fruit set on upper nodes, both in deter-
mining adapted high-yielding varieties and the yield effect of planting date. Reduced yield of 
Clay and reduced yield associated with late planting result from the absence of or poor fruit 
set on the upper nodes. 
(e) Seed size (Fig. 5). All varieties showed a maximum seed size at nodes near the 
center of the plant, with a sharp drop in seed size (particularly at upper nodes) with delayed 
planting. Large seed and uniform seed size at all nodes are only likely with varieties (e,g., 
Clay) too early for a particular region and where yield is severely limited by plant size (node 
number) and associated fruit set. 
(f) Yield per node/m2 (Fig. 6). Yield is the product of seed number (Fig. 4) and seed 
size (Fig. 5 ). Thus, the importance of node number and fruit set on upper nodes as well as re-
duced seed size on upper nodes is compounded. Early planting favors yield by increasing seed 
produced on upper nodes for Wirth and Corsoy. Delayed planting to the second and third 
planting dates increased yield with Clay by increasing node number and fruit set on upper 
nodes. Increased branching at later planting dates, with more seeds produced in the middle 
and lower part of the canopy, also is important in increasing yield with the late planting dates 
for Clay. 
With the indeterminate soybean varieties used in this experiment, the number of nodes 
both on the main stem and on branches is very important in increasing yield. The effect of 
planting date on yield of Clay is largely explained by fruit-set; whereas, with Corsoy and 
Wirth, seed size as well as fruit-set is very important. A reduction in all factors (i.e., number 
of nodes, number of pods, number of seeds per pod, and seed size) is associated with the very 
low yields at the last two planting dates. 
Experiment B 
All varieties used in this experiment were determinate except Bethel. The main dif-
ference between the two experimental sites, apart from latitude and associated day length, 
was the rapid temperature changes at the beginning and end of the growing season at the site 
of Experiment A, compared with gradual temperature changes at Camden (Table 2). Detailed 
node-distribution data were taken for all varieties, but only the data for Bethel, Lee, and 
Hardee are presented. 
(a) Yield. Whole-plant data showed maximum yields for the adapted variety Lee at 
the earliest planting date (Fig. 7) . Hill, which is slightly too early maturing, and Bethel, which 
is earlier still, both gave greater yields at the second planting date. The highest yield of Bragg 
was at the third planting date, but manganese toxicity on some plots made the data with Bragg 
les.s reliable than those of the other varieties because Bragg is much more susceptible to manga-
nese toxicity than are the other varieties grown in this experiment (P. Reading and 0. G. 
Carter, unpublished data). Hardee, which is too late for this environment, gave much smaller 
yields at all planting dates. 
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(b) Plant population (Table 4). Plant populations varied considerably with both 
varieties and planting date. Bethel and Bragg gave poorest plant stands, anrl establishment 
tended to be decreased at the second and fourth planting dates because of soil crusting during 
emergence. In all instances except Bragg at the fourth planting date, plant population at 
harvest was within the optimum range (Weber,Shibles1and Byth, 1965) of 13 to 26 plants/m2 • 
(c) Plant height (Fig. 8). All varieties except Hardee showed maximum plant height 
at the third planting date. This is in general agreement with data for other determinate and 
group V indeterminate varieties (Hartwig, 1954; Leffel, 1961) and presumably is a response to 
day length, with possibly some modifying effect of temperature. Adapted or earlier-than-
adapted varieties gave maximum plant size when planted 3 weeks before the longest day ; i.e., 
June 1 in the Northern Hemisphere and December 1 in the Southern Hemisphere. Hardee 
was not affected by short days before the longest day within the planting-date range of this 
experiment. This also was true with Corsoy and Wirth, which had maximum height at the 
earliest planting date in Experiment A. 
(d) Number of nodes per plant (Table 4). With Bethel, Lee, and Bragg maximum 
node number tended to occur at the second and third planting dates. With Hill and Hardee 
maximum node number was at the first planting date. Bethel showed variation in node num-
ber similar to that of Clay in Experiment A, but the determinate varieties, Hill, Lee, and Bragg 
tended to have fairly constant node number for the first three planting dates; decrease in node 
number was mainly at the fifth planting date. 
(e) Fertile node number (Table 4). This generally was one or two less than total 
node number except for Hardee for which many barren nodes occurred at the base of the 
stem, especially at early planting dates. Neither node number nor fertile node number showed 
the close relationship to yield found in Experiment A. The exception was Bethel, and it 
seems that node number is a much more important factor in determining yield with indeter-
minate varieties than with determinate varieties. This would be expected because of the im-
portance of the terminal raceme with determinate varieties. This terminal raceme was counted 
as a single node. 
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(f) Seeds/m2 (Table 4). Seed number/m2 was closely related to yield with all varie-
ties except Hardee. With Hardee poor conditions for grain filling gave much lower yields 
than would have been expected from seed number. 
(g) Seed siz<> (Table 4). Seed size was relatively unaffected by planting date for all 
varieties except Hardee. Low seed size for early planting dates of Hardee probably was caused 
by lodging and poor light penetration into the canopy. 
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Figure 8. Effect of planting date on plant height for Experiment B. 
(h) Number of pods/m2 (Table 4). Number of pods/m2 was related to yield and 
tended to decline with delayed planting. There was very little effect of planting date on 
number of pods with Bethel. Bragg and Hardee tended to be quite variable in pods/m2 • 
(i) Seeds per pod. Planting date had little effect on seeds per pod, except for a de-
cline at the last planting date in most instances. Hardee had a much lower number of seeds 
per pod at all planting dates. Seeds per pod seems relatively fixed within the normal range of 
planting dates. 
(j) Oil and protein content of the seed (Table 4). Variety or planting date had no 
significant effect on protein content, and data are not presented. Oil content was signifi-
cantly decreased by delayed planting or by using late varieties, such as Hardee, where poor 
grain-filling conditions occurred. These results agree with those of other workers (Leffel, 
1961; Weiss et al., 1950). 
Detailed Node Distribution 
(a) Pods per node/m2 (Fig. 9). With Bethel the effect of planting date on pods per 
node was similar to that with indeterminate varieties, particularly Clay in Experiment A. 
Pods on the upper nodes were considerably reduced with planting dates four and five, and 
the second planting date had a greater pod set on upper nodes than did the first date. With 
Lee increased pod set at the first date was mainly on the middle nodes, 8 to 13. Reduced pod 
set on upper nodes occurred for the fourth and fifth planting dates. The very high yield ob-
tained with Lee at the first planting date is closely related to the large number of pods per 
Table 4. Plant characteristics and yield components for Experiment B. tT1 'TJ 
'TJ 
Planting No. No. No. fertile No. Seed size No. No. Oil in tT1 (""') 
date plants/m2 nodes/plant nodes/plant seeds/m2 g/100 pods/m2 seeds/pod seed % >-'.l U'l 
BETHEL 0 'TJ 
1 21.0 15.8 16.7 2031.3 18.74 935 2.16 20.6 '"i:l l' 
2 14.6 17.4 17.3 2186.0 19.94 966 2.28 20.4 > 
'Z 3 28.3 16.0 15.0 2051.7 17.49 848 2.42 20.9 >-'.l 
4 13.1 14.4 14.3 1851.0 17.50 826 2.24 20.9 z 
5 27.7 11.7 12.3 1961.7 17.54 960 2.04 20.8 Cl 
HILL t:::i 
> 
1 23.2 15.9 13.7 2951.7 15.44 1474 2.01 20.5 >-'.l tT1 2 26.5 15.2 13.0 2666.7 15.91 1223 2.18 21.3 U'l 
3 30.0 14.8 12.7 2735.7 15.68 1258 2.18 20.7 0 
4 19.0 14.8 13.3 2410.3 14.96 1267 1.91 20.9 'Z 
5 24.5 12.7 10.3 2041.0 14.56 1109 1.83 20.6 U'l 0 
LEE -:: 
to 
1 22.2 15.1 12.7 3383.3 15.88 1583 2.16 21.1 tT1 > 2 18.4 15.8 13.3 3132.7 16.41 1303 2.41 20.7 'Z 
3 25.2 15.8 12.3 2349.3 16.98 1181 2.00 20.7 U'l 
4 18.4 14.6 12.7 2590.7 15.63 1178 2.21 21.2 
5 27.2 12.6 10.7 2210.3 16.50 1146 1.92 20.4 
BRAGG 
1 13.7 16.2 12.3 2062.0 14.68 1150 1.78 20.7 
2 15.4 18.8 16.0 2379.0 17.21 1085 2.18 20.3 
3 26.5 18.5 14.7 2438.0 18.84 1240 1.97 20.0 
4 8.3 17.3 12.7 1670.3 18.14 834 2.01 19.9 
5 12.7 15.0 12.7 1727.0 18.86 972 1.77 20.2 
HARDEE 
1 21.0 23.7 16.7 1770.7 9.46 1150 1.57 20.2 
2 21.0 22.4 19.0 2066.3 12.40 1256 1.66 17.7 
3 28.5 21.1 14.3 1588.0 11.16 1067 1.47 18.6 
4 19.7 20.6 18.0 1973.0 12.55 1370 1.44 18.7 
5 25.5 18.2 15.7 1667.3 12.02 1106 1.50 18.6 
LSD 5% 5.2 5.5 2.1 580 1.8 293 0.29 0.7 
1% 6.9 7.3 2.8 776 2.4 391 0.38 1.0 
Planting date ** ** ** ** ** * ** ** 
** ** ** ** ** ** 
~ Variet ** ** e> 
v. 
* Significant at 5% level, **significant at 1 % level 
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node/m 2 , which was much higher than that for any other variety in either Experiment A or 
B. Relatively high plant population (21 plants m2 at harvest) and narrow rows (50 cm) probably 
were important also. With Hardee early planting gave many barren nodes at the base; but, 
with delayed planting, pods were set at the lower nodes. Total pod number remained relative-
ly constant inasmuch as upper nodes 24 to 28 did not develop at later planting dates. 
(b) Yield per node/m2 (Fig. 10). Bethel gave greater yield than would have been pre-
dicted by the pod set. This is because of large number of seeds per pod and large seed weight. 
Lee gave very large yields, and the importance of nodes 8 to 13 is clearly illustrated. Improved 
fruit-set on middle nodes was the main factor associated with large yields obtained with early 
planting of Lee. Reduced node number became an important factor in reducing yields at 
only the fourth and fifth planting dates. Hardee, because of decreased seeds per pod and 
small seed size, gave a lower yield than would have been expected by the number of pods set. 
These three varieties clearly show that earlier-than-adapted varieties give low yields 
because of poor fruit-set, and that varieties too late for a particular environment give low 
yields because of poor pod filling. High yields are obtained with adapted varieties where 
greater fruit-set is combined with good grain-filling conditions, as with Lee in this experiment. 
Regression Analysis on Experiments A and B 
Number of seeds was highly correlated with yield in both experiments (Table 5 ). Seed 
size and number of fertile nodes also were highly correlated with yield in Experiment A. In 
Experiment B number of fertile nodes was not significantly correlated with yield. These corre-
lations provide further evidence of the importance of fertile nodes as yield determinants with 
indeterminate soybean varieties, and the importance of fruit-set with both determinate and 
indeterminate types. 
Table 5. Simple correlation coefficients with yield for yield components and number of 
fertile nodes for Experiments A and B. 
Factor Experiment A Experiment B 
Number of fertile nodes 0.898 0.026 
Number of seeds/m 2 0.955 0.877 
Number of pods/m2 0.877 0.479 
Number of seeds/pod 0.684 0.698 
Seed size 0.900 0.636 
All r values are highly significant except fertile nodes in Experiment B, which were not signifi-
cant. 
Stepwise regression analysis (Table 6) did not show fertile nodes to be important with 
either type of soybean, but the number and size of seeds were very highly significant in both 
cases. Number of pods and seeds per pod were significant for Experiment B, but not for A. 
EFFECT OF PLANTING DATES ON SOYBEANS 
Table 6. Statistics for stepwise regression of various yield components and plant characters 
against yield for Experiments A and B. 
Experiment A Experiment B 
Factor F Probab~lity> F F Probability>F 
Number of fertile 
nodes (x1) 0.085 0.7699 1.428 0.2366 
Number of seeds/m2 
(x2) 37.296 0.0001 74.962 0.0001 
Number of pods/m 2 
(x3) 0.168 0.6874 12.810 0.0012 
Number of seeds/pod 
(x4) 0.054 0.8126 12.396 0.0013 
Seed size in 
grams/100 seeds (x5 ) 71.906 0.0001 194.063 0.0001 
Eguation for experiment A r2 = 0.999 
Yield (g/m2 ) = -169.2 + 0.219 x1 + 0.14 x2 - 0.018 x3 + 2.966 x4 + 13.37 x5 
Eguation for experiment B r2 = 0.994 
Yield (g/m2) = -77.71+1.58 X1+0.25 X2 -0.20 X3 -120.43X4+19.47 X5 
·CONCLUSIONS 
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1. The main factor controlling yield of determinate and indeterminate soybeans is 
fruit-set. 
2. Fruit-set is dependent mainly on the number of fertile nodes in indeterminate 
varieties. In determinate varieties pods and seeds per pod control fruit-set, but node number 
is less important because of growth habit and the number of pods on the terminal raceme. 
3. Seed size decreases with delayed planting of indeterminate soybeans at 43°N, but 
at 34°S seed size is relatively unaffected by planting date, except with late-maturing unadapt-
ed varieties. 
4. Soybean breeders should aim to increase the number of fertile nodes. This can be 
done by increasing the height of the plants; however, this may prevent light penetration into 
the canopy, resulting in poorer fruit-set on lower nodes. Also, greater susceptibility to lodging 
might result from increased height. If internode distance were shortened, susceptibility to 
lodging would likely be decreased, but the thicker canopy would decrease pod set on the lower 
nodes. 
5. The greatest yield of adapted or late indeterminate soybeans will be obtained by 
planting as early as possible with prevailing temperature. Planting of early varieties should be 
delayed until June 1. 
6. Maximum plant size will be obtained by planting as close as possible to December 
1 in the Southern Hemisphere and June 1 in the Northern Hemisphere with adapted determi-
nate varieties or early maturing indeterminate varieties. Adapted and late varieties of the in-
determinate types produce larger plants when planted earlier than June 1. 
7. Narrow rows and high plant populations are likely to be especially beneficial in 
increasing yield if plant size is decreased by delayed planting. 
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ACKNOWLEDGEMENTS 
Technical assistance provided in the field by S. Angstrom, P. Nixon, and B. Ackhurst; 
and in the laboratory by Mrs. J. Fette! and Mrs. J. Spencer is gratefully acknowledged. Finan-
cial assistance was provided by the Rural Credits Fund of the Reserve Bank of Australia. Many 
students and faculty colleagues provided valuable assistance in the collection of data and prep-
aration of the manuscript. 
LITERATURE CITED 
Hartwig, E. E. 1954. Factors affecting time of planting soybeans in the Southern States. 
United States Department of Agriculture Circular No. 943. 
Johnson, H. W., H. A. Borthwick, and R. C. Leffel. 1960. Effects of photoperiod and time 
of planting on rates of development of the soybean in various stages of the life cycle. 
Botanical Gazette 122: 77-95. 
Leffel, R. C. 1961. Planting date and varietal effects on agronomic and seed compositional 
characters in soybeans. Maryland Agricultural Experiment Station Bulletin A-117. 
Weber, C. R., R. M. Shibles, and D. E. Byth. 1965. Effect of plant population and row spac-
ing on soybean development and production. Agronomy Journal 58: 99-102. 
Weiss, M. G., C. R. Weber, L. F. Williams, and A.H. Probst. 1950. Variability of agronomic 
and seed compositional characters of soybeans, as influenced by variety and time of 
planting. United States Department of Agriculture Technical Bulletin 1017. 
IOWA STATE JOURNAL OF RESEARCH I MAY 1974 
VOL. 48 , NO. 4 pp. 311-317 
SOYBEAN LEAF NET C02 -EXCHANGE AS INFLUENCED BY 
EXPERIMENTAL ENVIRONMENT AND LEAF AGE 1 
I Gary M. Domhoff 2 and Richard Shibles 3 
ABSTRACT. To determine the conditions necessary for eliciting maximum photosynthetic 
response, we measured net C02 - Bxchange of soybean[ Glycine max (L.) Merrill] leaves under 
different environmental conditions. The soybeans were pot-cultured outdoors under simu~ 
lated field-population conditions, and net C02 - exchange was measured in the laboratory by 
using infrared gas-analysis techniques. Essentially, steady-state rates were obtained 15 to 20 
minutes after introducing leaflets into the leaf chamber, and these prevailed for 1 to 3 hours. 
Maximum net C0 2 - exchange rates were obtained under 340 W/m2 (400- 700nm) irradiance 
and 26-35° C leaf temperature. Chamber air humidity within the range 7 - 11 mm Hg vapor-
pressure deficit ( 35°C) did not influence net C02 - exchange. Leaves attained their maximum 
photosynthetic capability 2 to 6 days after full expansion. We conclude that, to estimate the 
maximum leaf net C02 - Bxchange of which a genotype is capable under normal production 
conditions, the test plants need to be grown under competitive conditions and under an irra-
diance level essentially equivalent to full summer sun. 
INTRODUCTION 
In recent years there has been much speculation regarding the role of leaf photosyn-
thesis in delimiting crop yield. Interest has been centered on the appropriateness of breeding 
for higher photosynthetic ability as a means of improving yield. Before this can be considered 
seriously, we must know whether there is genetic variation for photosynthetic ability. This in-
volves surveying a portion of the genetic base. But, before this can be attempted, we must 
know the conditions necessary for eliciting maximum photosynthetic response from superior 
genotypes, and we need to know the variation in response to testing environment. Prior to 
surveying a population of cultivars and lines for leaf photosynthetic ability, then, we under-
took the following study to answer these questions for soybeans [Glycine max (L.) Merrill], a 
species of economic interest to Iowa and the United States. 
MATERIALS AND METHODS 
The soybeans were cultured outside in large pots (11 kg soil, four plants to the pot), 
arranged to simulate the canopy environment of the field. The potting mixture consisted of a 
2:1:1 (vol/vol/vol) ratio of soil (silt loam), sand, and peat. One hundred ppm (wt/wt) of P 
and K as Ca(H2 P04 h and K2 S04 were mixed into the potting mixture. Every 2 weeks, be-
ginning three weeks after planting, nitrogen was applied (as NH4 N0 3 ) at the rate of 50 ppm by weight. 
1 Journal Paper No.J-7650 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa. Projects No. 1487 and 1685. Supported in part by a grant (No.716-15-12) 
from the Cooperative Research Service. 
2 Former Graduate Assistant (now Assistant Professor, University of Nebraska South Central 
Station, Clay Center, NB 68933). 
3 Professor, Department of Agronomy, Iowa State University, Ames, IA 50010. 
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Net C0 2 - exchange (NCE) was measured in the laboratory by using infrared gas-
analysis techniques. The gas-flow system used was an open system, similar to that described 
by Gaastra (1959), in which the C0 2 and water content of the air entering the leaf chamber were 
controlled and monitored. To insure stable C02 concentration, C02 was removed from out-
side air by bubbling it through 6 N KOH; then, pure C02 in a regulated amount was added 
back to the C02 - free air through a fine capillary tube. Some tests were conducted with 300 
ppm (vol/vol) C02 ; others were with 320 ppm C0 2 • Humidity was controlled by bubbling 
the C0 2 - stabilized air through a constant-temperature water bath. Leaf chamber inlet and 
outlet air humidity was monitored by thermocouple psychrometers; C0 2 content was moni-
tored with a Beckman 15-A infrared gas analyzer. Leaf temperature was measured with a 
thermocouple pressed against the abaxial surface. A detailed diagram of the system is given 
elsewhere (Domhoff, 1969, 1971). 
The light source consisted of several 300-W, incandescent, reflector, flood lamps fo-
cused to provide 340 W/m2 of irradiance (400-700 nm) at the leaf surface. The light was fil-
tered with 6 cm of water. 
The water-jacketed leaf chamber used was of the same design as discussed by Nevins 
and Loomis(1970), except that with some tests a radial fan was present in one end to increase 
air turbulence. While insuring more homogeneity of chamber air, the fan did not seem to in-
fluence relative differences among treatments. Internal leaf chamber dimensions were 16.1 x 
14.6 x 2.5 cm. The leaf lamina was suspended between nylon filaments in the center of the 
chamber and sealed from the outside with nonphytotoxic permagum pressed around the peti-
olule. 
Testing procedure involved bringing the pot containing the plant to be tested into the 
laboratory and immediately placing a leaflet into the leaf chamber. The leaflet tested, except 
in leaf age tests, was always the terminal leaflet of the most recent fully expanded leaf, which 
usually was the fourth unrolled leaf from the top of the plant. 
Before environmental tests were attempted, we tested induction and stability of NCE. 
The results (Figure 1) indicated that, after initial leaf insertion into the chamber with lights 
on , about 15 to 20 minutes were needed to achieve maximum steady-state NCE. Maximal 
rates were maintained for at least 60 minutes and sometimes up to 3 hours. In subsequent 
tests an induction period of 30 minutes was used. 
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Figure 1. NCE of an 'Amsoy' (o) and a 'Hark ' (•) leaflet as a function of time after the leaflet 
was inserted into the chamber with lights on. 
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RESULTS AND DISCUSSION 
The general response of soybean leaves to irradiance ( 400-700 nm) in our tests is shown 
in Figure 2. The data represent the mean of four cultivars-'Corsoy', 'Amsoy', 'Hawkeye', and 
'Richland '-measured during rapid seed filling. An analysis of variance at each irradiance level 
showed that cultivars did not differ. The response indicates that young, fully expanded leaves 
at this stage of plant development show virtually maximal NCE capability at 340 W /m 2 irradi-
ance. From other tests we found that at earlier stages of plant development young, fully ex-
panded leaves have lower NCE than the later-produced leaves; too, they show "light-saturation" 
at low irradiance (ca.120 W/m2 ). This is a consistent pattern in our studies (Domhoff ex-
Shibles, 1970), and it agrees with the results of Kumura and Naniwa (1965), who found that 
successively produced leaves on soybeans had higher NCE capability. 
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Figure 2. NCE response to irradiance ( 400-700 nm). Each datum point is the mean of six 
measurements on each of four cultivars. Bars indicate standard errors. 
Many researchers (Bohning and Burnside, 1956; Brun and Cooper, 1967; Curtis, Ogren, 
and Hageman, 1969; Kriedeman, Neales, and Ashton, 1964; Kumura, 1965; 1968; 1969) have 
reported that soybean leaves are "light-saturated" at about 20-40 klx-about the same level 
as our early-season leaves. For the most part, their maximum NCE rates are lower than those 
of our later-produced leaves, too. Other than use of young plants, we expect that use of green-
house or growth-chamber plants (i.e., those grown at low-light levels) may be a contributory 
factor in their finding of lower NCE and low "light-saturation". Recently, Beuerlein and 
Pendleton (1971) showed that leaves of widely spaced, debranched, field-grown soybeans have 
exceptionally high NCE (ca. 60 mg/dm2 ·hr); and do not show "light-saturation" even in full, 
summer sunlight. Under normal population density conditions, however, leaves of their plants 
showed lower NCE (ca. 40 mg/dm2 ·hr) and were saturated at about 100 klx (about 400 W/m2 ) . 
Clearly, stage of development and conditions of growth are important factors delimiting NCE 
response in soybeans and should be given serious consideration in photosynthesis studies. 
We measured NCE of a leaflet under conditions of continuously, albeit slowly 
(0.3°C/ min), increasing leaf temperature in several cultivars and obtained results (Figure 3) 
indicating that NCE declines at leaf temperatures above 35°C. With the system described 
herein we were unable to obtain constant leaf temperatures below about 30°C under high 
irradiance without using quite cool air, and, thus, having a substantial difference between leaf 
and air temperature. We later found, however, that using a CuS04 filter (6.6 cm of a 0.01 M 
CuS04 -5H2 0) instead of pure water between the light source and the leaf chamber consider-
ably reduced the near-infrared heat load on the leaf and allowed lower leaf temperatures 
(ca 26°C) to be maintained under high irradiance. NCE seemed not depressed at 26°C, but 
we do not know the lower limit of leaf temperature allowing maximum NCE response. 
314 DORNHOFF and SHIBLES 
60 
I 50 
L 0 
..c: 0 0 0 0 
(\J 
• 
0 0 
' 
• Oo 40 • • • • • • 0 E • • • ... ~ 8 0 • <\ u 0 0 
• • 
(\J 0 • 
0 
0 30 0 
u 0 0 
CJ) 0 
E 0 20 
~ 
0 30 35 40 45 
oc 
Figure 3. NCE response to leaf temperature for a 'Corsoy'(o), an 'Amsoy' (•),a 'Hawkeye' 
(c), and a 'Richland'(•) leaflet during slowly increasing temperature. 
As shown in Figure 4, there was no effect of water-vapor pressure deficit of leaf 
chamber air, over the range 7.5 to 11 mg Hg (35°C}, on NCE of well-watered soybeans. 
Nevins (1965) found similar results with sugarbeets (Beta vulgaris), and Criswell and Shibles 
(1972) reported no effect of relative humidity in the range 45-75% (30°} on NCE of oat 
(Avena sativa) leaves. 
Figure 4. NCE of an 'Amsoy' leaflet as a function of water vapor pressure deficit of the cham- · 
her air. 
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Brun and Cooper (1967), using leaves of growth-chamber-grown soybeans, found that 
NCE increased linearly with increasing C0 2 concentration up to 400 ppm (vol/vol) . In the 20 
cultivars we examined, NCE responded linearly to C02 up to 300 ppm only (Figure 5). At 
400 ppm, NCE in all cultivars deviated significantly from linearity. In part this could be a 
consequence of inadequate irradiance to saturate NCE at 400 ppm. But, we doubt that this is 
the reason our results differ from Brun and Cooper's because our irradiance level was actually 
slightly higher than their maximum level (about 300 W/ m2 ). 
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Figure 5. Mean NCE response to C02 of 20 soybean cultivars. Each datum point is the mean 
of 300 leaflets-Le., 15 leaflets per cultivar. Linear regression was significant (P.01) and 
the quadratic trend was not significant (P.05) in the range 0-300 ppm for any cultivar. 
The effect of leaf age on NCE was tested with four leaflets, one from each of four 
cultivars. Each chosen leaflet was tagged, and NCE was measured at or near full expansion 
and for up to 12 days thereafter. The results (Figure 6) indicate that maximum NCE did not 
occur exactly at full expansion, but rather from 2 to 6 days after full expansion. This agrees 
reasonably well with the results of Ojima, Fujui, and Watanabe (1965), who reported NCE 
reached maximum at full expansion and continued at maximum rate for about a week before 
declining gradually. 
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We also tested the performance of excised leaflets. After obtaining an initial steady-
state NCE reading, the leaflet was excised with the petiolule under water, and it was returned 
to the chamber with the petiolule in a vial of water. NCE declined by 50% almost immediate-
ly, and by about 80% in 25 minutes, before recovering to nearly 50% of the former, attached 
maximum value. Nevins (1965) and Johnston (1968), using sugarbeet and soybeans, respec-
tively, have reported that excised leaves have lower NCE than do attached leaves. Our test 
was performed with air of about 60% RH. Had the chamber air been more moist, the effect 
of excision might have been less, or even unimportant. With oat leaves, Criswell and Shibles 
(1972) found a sharp drop in NCE upon excision when assimilation chamber air was of 46% 
RH. At 61% RH, however, NCE of their leaves remained stable for 40 minutes after excision. 
We conclude that, to estimate the maximum leaf NCE of which a soybean genotype 
is capable under normal production conditions, the test plants should be grown under compe-
titive conditions and an irradiance level approximating that of full summer sunlight. Maxi-
mum leaf2 NCE of plants t~us ~own will be elicited at 26-35°C leaf temperature and at about 340 W/ m (400-700 nm) mad1ance 2 to 6 days after full leaf expansion. Leaf chamber air 
humidity is not critical in the range 7-11 mm Hg vapor-pressure deficit (35°C). 
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HELMINTHS OF BADGERS, TAX/DEA TAXUS (SCHREBER), IN 
NORTHWEST IOWA1 
I Darwin D. Wittrock 2 and Martin J. Ulmer 3 
ABSTRACT. Twenty-four specimens of Taxidea taxus (Schreber), collected near the Iowa 
Lakeside Laboratory in northwest Iowa during the summers of 1959 to 1972, we:re examined 
for helminth parasites. Trematodes recovered include A/aria taxideae, Euparyphium melis,'. and 
Fibricola cratera-all from the small intestine. Three cestode&--A triotaenia procyonis, 
Mesocestoides lineatus, and Monordotaenia taxidiensis-are reported from the small intestine. 
Nematodes constitute the major helminth group and include the following: A ncylostoma 
tax ideae (intestine), Ascaris columnaris (intestine), Capillaria plica (urinary bladder), 
Dracunculus insignis (subcutaneous tissue), Molineus mustelae (intestine), Physaloptera 
torquata (stomach), and Trichinella spiralis (diaphragm and intercostal muscles). Reports of 
F. cratera, C. plica, and D. insignis represent new host records. 
INTRODUCTION 
The American badger, Taxidea taxus (Schreber), harbors a number of helminths, many 
of which are unique to this host. Only two comprehensive studies on the helminth fauna of T. 
tax us exist in the literature. Erickson (1946) reported six species from badgers in Minnesota, 
and Leiby, Sitzmann, and Kritsky (1971) recorded nine species from this host in North Dakota. 
A single report from Iowa is that by Zimmermann and Hubbard (1969), who found T.taxus to 
be a significant wildlife reservoir of Trichinella spiralis. Additional records, summarized by 
Leiby et al. (1971), deal with particular species or groups of helminths. This paper reports 13 
helminth species from 24 badgers collected near the Iowa Lakeside Laboratory, Dickinson 
County, Iowa, during the summers of 1959 to 1972. 
MATERIALS AND METHODS 
Badgers were trapped, or collected as road kills, in northwest Iowa (Clay, Dickinson, 
O'Brien, and Palo Alto Counties). At the Iowa Lakeside Laboratory various body organs were 
removed, and examined in separate dishes containing mammalian saline. Also, nasal and coe-
lomic cavities, subcutaneous tissues, and press preparations of diaphragm were examined. 
Trematodes were fixed in AF A, stained with Mayer's paracarmine, and counterstained 
with fast green. Cestodes were fixed in AF A or Ristroph 's cestode fixative, and stained with 
Mayer's paracarmine or Ehrlich's acid hematoxylin. Nematodes were fixed in hot 70% glycer-
ine alcohol, and mounted unstained in glycerine jelly. 
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2 Graduate Assistant, Department of Zoology and Entomology, Iowa State University, Ames, 
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RESULTS AND DISCUSSION 
Thirteen species of helminths recovered from T. taxus include three trematodes, three 
cestodes, and seven nematodes (Table 1). The occurrence of Fibricola cratera, Capillaria plica, 
and Dracunculus insignis constitute new host records. 
Table 1. Helminths recovered from 24 specimens of Taxidea taxus in northwest Iowa. 
Helminth 
TREMATODA 
Alaria taxideae 
Euparyphium melis 
Fibricola cratera 
CESTODA 
Atriotaenia procyonis 
Mesocestoides lineatus 
Monordotaenia taxidiensis 
NEMATODA 
Location in Host 
duodenum 
small intestine 
small intestine 
small intestine 
small intestine 
small intestine 
small intestine 
small intestine 
urinary bladder 
subcutaneous tissues 
small intestine 
stomach 
No.(%) Infected 
19 (79.2) 
1 (4.2) 
1 (4.2) 
10 (41.7) 
2 (8.3) 
2 (8.3) 
13 (54.2) 
7 (29.2) 
3 (12.5) 
2 (8.3) 
Ancylostoma taxideae 
Ascaris columnaris 
Capillaria plica 
Dracunculus insignis 
Molineus mustelae 
Physaloptera torquata 
Trichinella spiralis diaphragm and intercostal muscles 
20 (83.3) 
16 (66.7) 
1 (4.2) 
Trematoda 
Alaria taxideae Swanson and Erickson, 1946 
Immature and gravid specimens of A. taxideae were recovered from the duodenum of 
19 badgers. In addition, one host harbored strigeoid metacercariae (possibly those of A. 
taxideae) in the diaphragm. This is the fourth report of A. taxideae from badgers and repre-
sents a new locality record. 
Alaria taxideae has previously been reported in Minnesota by Swanson and Erickson 
(1946) and by Erickson (1946) from the short-tailed weasel (Mustela erminea), long,.failed 
weasel(M. frenata), striped skunk (Mephitis mephitis), spotted skunk (Spilogale putorius), and 
T. taxus; from S. putorius in Michigan (Chandler and Rausch, 1946; Chandler, 1954); from M. 
mephitis in Maryland (Goldberg, 1954) and Louisiana (Babero, 1960); from the marten 
(Martes americana) in Canada (Pearson, 1956; Holmes, 1963); and from T. taxus in North 
Dakota (Leiby et al., 1971). 
The morphology of larval stages and the life cycle of A. taxideae are unknown; how-
ever, the life cycle is probably similar to those of A. mustelae as studied by Bosma (1934), A . 
arisaemoides and A . canis as described by Pearson (1956), and A. marcianae as described by 
Johnson (1968). 
Fibricola cratera (Barker and Noll, 1915) Dubois, 1932 
Two mature specimens of F. cratera, recovered from a single badger in Clay County, 
constitute a new host record. This fluke has previously been reported in Iowa from the raccoon 
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(Procyon lo tor) by Morgan and Waller (1940), Hoffman (1955), and Turner (1958) . Additional 
records from mustelids include the mink (/Vlustela uison) in Ontarin (Law and Kennedy, 1932), 
Texas (Read , 1948), and Louisiana (Lumsden and Zischke, 1961), S. putorius in Michigan 
(Chandler and Rausch, 1946), and /VI . mephitis in Quebec (Webster and Wolfgang, 1956). 
Ulmer (1954, 1955, 1970) collected diplostomula of F. cratera fr0m frogs in northwest and 
central Iowa. 
The life cycle of F. cratera involves physid snails and tadpoles as intermediate hosts 
(Cuckler, 1940, 1949; Hoffman, 1955). Larval stages were described by Turner (1957, 1958). 
Euparyphium melis (Schrank, 1788) Dietz, 1909 
One badger collected in Dickinson County harbored two E. melis in its small intestine. 
This report, a new distribution record, is the second from T. taxus. 
E. melis, a common parasite of /VI. uison, has been reported from mink by Law and 
Kennedy (1932), Beaver (1941), Erickson (1946), Lumsden and Zischke (1961), Miller and 
Harkema (1964), and Dorney and Lauerman (1969). Additional records are given from the 
snowshoe hare (Lepus americanus)by Erickson (1940), the otter (Lutra canadensis) by Beaver 
(1941), !VI. erminea by Erickson (1946),P. lo tor by Harkema and Miller (1964), and T. taxus 
by Leiby et al. (1971). 
Beaver (1941) described the life history of E. melis, which involves Lymnaea emarginata 
and tadpoles as intermediate hosts. 
Cestoda 
Atriotaenia procyonis (Chandler, 1942) Spassky, 1951 
Immature and gravid A . procyonis were recovered from the small intestines of 10 
badgers. This cestode has previously been reported from T. taxus in Wyoming by Keppner 
(1969) and North Dakota by Leiby et al. (1971). Additional records of A. procyonis are given 
from P. lotor by Chandler (1942), Schiller and Morgan (1949), Voge (1955), Babero and Shep-
person (1958), Harkema and Miller (1964), and Gallati (1959), and from /VI. mephitis by Voge 
(1955). 
Gallati (1959) delineated the life cycle in which cysticercoids develop in the hemocoel 
of the flour beetle, Tnbolium castaneum. 
Mesocestoides lineatus (Goeze, 1782) Railliet , 1893. 
Two gravid specimens of /VI. lineatus were recovered from a badger collected in Dickinson 
County. This represents the third report of/Vlesocestoides from T. taxus. Two previous records 
were given by Grundmann (1956, 1958), who described !VI. carniuoricolus from T. taxus in 
Utah. Recent evidence by James (1968) indicates that Mesocestoides seems to be a monotypic 
genus and that all members should be relegated to the single species, /VI . lineatus. 
In Iowa, /Vlesocestoides has been reported from P. lotor by Morgan and Waller (1940) 
and from the red fox (Vulpes fulua) by Smith (1943) . James (1968) has recorded the following 
Iowa mammals as hosts: opossum (Didelphis marsupialis), dog (Canis familiaris), gray fox 
(Urocyon cinereoargenteus), raccoon, striped skunk, and spotted skunk. Tetrathyridia have 
been recovered from amphibians in Iowa by James and Ulmer (1967). 
/Vlonordotaenia taxidiensis (Skinker, 1935) Little, 1967 
!VI. taxidiensis seems to be host specific to the American badger and is recorded from two 
hosts in Iowa, a new locality record. This cestode has been reported from T. taxus in Montana 
(Skinker, 1935), Wyoming (Honess, 1937; Keppner, 1967), Wisconsin (Rausch, 1947), Colo-
rado (Leiby, 1961), and North Dakota (Pederson and Leiby, 1969; Leiby et al., 1971). 
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The biology of M. taxidiensis was studied experimentally by Pederson and Leiby (1969), 
who found that ground squirrels (Spermophilus richardsoni and S. tridecemlineatus) may serve 
as intermediate hosts. 
Nematoda 
Ancylostoma taxideae Kalkan and Hansen, 1966 
Ancylostoma taxideae was recovered from 13 hosts examined in this survey. One 
host, collected in Dickinson County, harbored 112 specimens, each well attached to the intes-
tinal mucosa. 
A. taxideae was described from badgers in Kansas by Kalkan and Hansen (1966), and 
has since been reported from T. taxus in North Dakota by Leiby et al. (1971). Our report, the 
third from badgers, represents a new locality record. 
The life history of Ancylostoma taxideae is unknown. 
Ascaris columnaris Leidy, 1856 
Both immature and mature specimens of Ascaris columnaris were found in the small in-
testines of seven specimens of T. taxus. As many as 25 mature adults were found in a single in-
fected host. 
A. columnaris is a common parasite of skunks, badgers, and raccoons in the UYJ.ited 
States. This species has been reported from T. taxus in Minnesota (Erickson, 1946),Colorado 
(Leiby, 1961), and North Dakota (Leiby et al., 1971). In Iowa it has been recorded as a para-
site of the raccoon by Morgan and Waller (1940). 
Studies by Tiner (1949,1953) and by Sprent (1950) have shown that A . columnar.i·~ 
utilizes rodents as intermediate hosts. 
Capillaria plica (Rudolphi, 1819) Travassos, 1915 
Capillaria plica was recovered from the urinary bladders of three badgers collected in 
Dickinson County. This report is both a new host record and a distribution record. 
According to Freitas and Lent (1936), C. plica is distributed throughout Europe and the 
United. States . . In the United States this species has been reported from a dog in Maryland and 
from foxes in New Jersey by Schwartz (1925), from foxes and rats (Rattus noruegicus) in 
Massachusetts by Rankin (1946), from a dog in Pennsylvania by Medway and Skelley (1961), 
and from raccoons in North Carolina, South Carolina, Georgia, and Virginia by Harkema and 
Miller (1964). 
The life cycle, involving earthworms (Lumbricus terrestris and L. rubellus)asintermedi-
ate hosts, was investigated by Petrov and Borovkova (1942) and by Enigk (1950). 
Dracunculus insignis (Leidy, 1858) Chandler, 1942 
The guinea worm of carnivores, Dracunculus insignis, is reported for the first time from 
T. taxus. Two hosts, both collected in Dickinson County, were infected with D. insignis. One 
contained a dead, calcified worm in the subcutaneous tissue of the foreleg; the other con-
tained two gravid female worms, one in each foreleg. 
D. insignis was evidently first found in the United States as a parasite of P. lotor by 
Leidy (1858). The worm presumably was not found again until Benbrook (1932, 1940) 
described it from Vulpes fulva and Mustela vison in Iowa. D. insignis has since been reported 
from a number of North American carnivores, summaries of which have been presented by 
Hugghins (1958), Ewing and Hibbs (1966), and Muller (1971). 
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Molineus mustelae Schmidt, 1965 
The trichostrongylid Molineus mustelae was the most common helminth encountered 
during this survey. Twenty badgers harbored this species in the small intestine. 
Three species of Molineus have been reported from T. taxus. M. patens was reported 
from badgers in Minnesota by Erickson (1946) and in North Dakota by Leiby et al. (1971). 
Grundmann (1957) recorded M. felineus from T. taxus in Utah . Keppner (1969) found M. 
mustelae in five badgers collected in Wyoming. The occurrence of M. mustelae in T. taxus 
from Iowa is a new locality record and constitutes the second report from this host. 
M. mustelae was described from Mustela frenata in Montana by Schmidt (1965). 
Keppner (1969) indiCated that specimens of M. mustelae from badgers are generally larger than 
those (described by Schmidt) from weasels. 
The life history of M. mustelae is unknown. 
Physaloptera torquata Leidy., 1886 
Physaloptera torquata was recovered from the stomachs of 16 badgers. One infected 
host contained 24 7 specimens. 
Records of P. torquata from the American badger are numerous. The parasite has been 
reported in Wyoming (Leidy, 1886), Pennsylvania <(Leidy, 1886; Canavan, 1931), Montana 
(Ehlers, 1931), Illinois (Morgan 194la, 1942, 1943), Arizona (Hannum, 1942), California 
(Morgan, 1942), and North Dakota (Leiby et al. , 1971) . Two additional species of Physalop-
tera have been reported from T . tax us. Morgan (1941b) and Erickson (1946) reported P. maxi/-
Laris, and Prod'hon (1969) described P. rauschi from T. taxus in North Dakota. P. torquata has 
also been recorded from P. lo tor in Iowa and Wisconsin by Morgan (1942). 
Although the life histories of members of the genus Physaloptera are unknown, Morgan 
(1946) suggested that arthropods may serve as intermediate hosts. The symptoms of heavy in-
fections in badgers and types of anthelmintic treatment have been investigated by Ehlers (1931). 
Trichinella spiralis (Owen, 1835) Railliet, 1895 
Larvae of T. spiralis were found encysted in the diaphragm and intercostal muscles of 
one badger collected in Dickinson County. This report is the third from this host. T. spiralis' 
was first reported from badgers by Herman and Goss (1940). Zimmermann and Hubbard 
(1969) reported a 3.1% incidence from badgers in Iowa. 
Studies on wildlife trichinosis in the United States have been given by Rausch et al. 
(1956) , Zimmermann et al. (1956, 1959), Zimmermann and Hubbard (1969), and 
Zimmermann (1970, 1971). 
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HIKING-TRAIL IMPACT ON IOWA STREAMVALLEY 
FOREST PRESERVES 1 
J. 0. Dawson 2, P. N. Hinz 3, and J. C. Gordon4 
ABSTRACT. This study of north- and south-slope upland and bottomland streamvalley forests 
showed that effects of recreational trail use on the forest floor were least severe on north-slope 
uplands and most severe on south-slope uplands, with bottomlands intermediate. Cluster analy-
sis of forest-floor vegetation, however, indicated that natural site differences had a much greater 
influence on vegetation composition than did recreational use of the trail corridors. This con-
clusion was reinforced by an analysis of forest-floor soil properties, which showed soil compac-
tion to be almost entirely limited to the trail itself. This implies that a well-designed and main-
tained trail system can be used to maintain the character of, and protect from trampling, 
valuable natural areas in Iowa. 
INTRODUCTION 
Iowa forest areas offer contrast in structure and function to the openness of extensive 
fields of corn and soybeans. Surveys indicate that rapidly increasing numbers of people are us-
ing Iowa's forests for recreation. This increased use may drastically change the character of 
Iowa's remaining native forests.However, the influence people have on the character of forests, 
exc:ept in cases of gross alteration, is little understood; nor do we fully understand how physi-
cal and biological forces outside man's influence interact to determine forest form. This study 
describes some of the subtler influences of man's recreational activities on the character of 
central Iowa forest preserves. 
Several investigators have studied the impact of recreation use on various forest com-
munities. A study in three southeastern national forests revealed consistently that woody plant 
species reacted differently to recreation use in developed camping and picnicking sites (Ripley, 
1962). Various conifers and hardwoods were listed in order of decreasing ability to withstand 
recreation use. LaPage (1967) found that intensive recreation use in a campground did not nec-
essarily reduce the density of ground cover plants. Instead, those that had good natural resis-
tance to trampling, such as bluegrass, took over sites after a preliminary rapid decline in the to-
tal number of species present. A study in the Missouri Ozarks on a forest site with shallow clay 
pan showed that soil compaction caused by recreation use not only resulted in soil erosion and 
reduction in ground cover, but also caused tree-crown die back in the overstory canopy 
(Settergren and Cole, 1970). 
Cieslinski and Wagar (1970) attempted to predict potential recreation-site durability by 
use of a trampling device. After simulated trampling, the forest-floor vegetation on northeast-
1 Journal paper No. J-7781 of the Iowa Agriculture and Home Economics Experiment 
Station. Project No. 1949. 
2 Graduate student, Department of Forestry, Iowa State University, Ames, Iowa 50010. 
3 Associate Professor, Department of Statistics, Iowa State University. 
4 Professor, Department of Forestry, Iowa State University. 
330 DAWSON, HINZ, and GORDON 
facing slopes survived better; that on southwest aspects had worse survival. Orr (1971) deter-
mined that, if the ground is less than 75% covered with dead or living vegetative material, sig-
nificant soil movement occursc:under use, whether the lack of cover is attributable to slope, 
compaction, or lack of moisture. 
These studies illustrate several ways in which forest-site properties determine how an 
area will respond to use, and make clear that recreation influences in forests must be deter-
mined on a site-by-site basis. 
By measuring the effects of recreational use where they are most pronounced, on the 
ground-level stratum of the forest on and near trails, the degree and pattern of recreation influ-
ence on forest character can be described. The objective of this study is to describe hiking-use 
impact on forest preserves in central Iowa in terms of soil pH, soil-bulk density, total ground 
cover (including duff, litter, and understory plants), and understory vegetation composition. 
METHODS 
Four forest preserves in central Iowa were selected for study: Pammel Woods, the 
YMCA Woods, Dolliver State Park, and Woodman Hollow State Preserve. All areas are on a 
glacial till plain deposited around 12,000 years ago with the retreat of the Cary lobe of the 
Wisconsin glaciation. Two were classified as high- and two as low-level use areas. 
1. Pammel Woods on the Iowa State University campus in Ames, Story County, is a 
forest preserve and outdoor laboratory. It is used by many university classes in the 
natural sciences and thus is classified as a high-use area. 
2. Dolliver State Park is a popular camping and summer recreation spot south of Fort 
Dodge in Webster County,Iowa. It borders the Des Moines River and is heavily used. 
3. The Ames YMCA Woods is a former children's summer camp tract. It is on a Squaw 
Creek tributary in Ames, and its use level is low. 
4. Woodman Hollow State Preserve, like Dolliver State Park, is in Webster County ad-
jacent to the Des Moines River. It has no recreation facilities. Its chief attractions 
are the plants that grow in the moist recesses of a deep hollow many of them rare to 
the region. Its use is primarily by nature enthusiasts and is very light. 
Within each of the four forested areas a north-facing-slope., a south-facing-slope, and a 
floodplain site were selected for study. By use of a 50-m transect, three points on each of the 
forest trails were randomly selected (Fig.1). At each of these points, a plot frame (20 x 50 cm) 
was placed in the path center. Measurements of percentage of each plot covered by plants, 
duff, and litter combined were made, and the percentage of the plot covered by each plant 
species was recorded. A 60-cc surface soil core to a depth of 5 cm was taken from the center 
of each plot and stored for laboratory analysis. Unrecognized plant species were collected, la-
beled, and stored for later identification. This procedure was carried out at each path center 
point, at three more points spaced one meter apart along a line perpendicular to the path , and 
on a randomly selected side of each path center point. This yielded a total of 144 samples for 
each dependent variable-Soil pH, soil-bulk density, total plot cover, plant composition in the 
understory, and plant diversity. All sampling was done in the summer of 1972. 
Soil pH was measured in a 1:1 soil-water mixture by use of a glass-electrode pH meter. 
The 60-cc cylinder soil samples were oven-dried and weighed to determine bulk densities. Soil 
textures were estimated by using field techniques on the laboratory samples. 
A split-plot design was chosen to test for the effects of the following factors on soil pH, 
soil-bulk density, and percentage of ground cover: 
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Figure 1. Example of sampling procedure employed on each of twelve forest area-aspect 
combinations. 
1. Relative recreation-use level 
a. high 
b. low 
2. Location 
a. forests on Des Moines River tributaries in Webster County, Iowa 
b. forests on Squaw Creek tributaries in Story County, Iowa 
3. Forest aspect 
a. north-facing-slope 
b. south-facing-slope 
c. floodplain 
4. Recreation use as a function of distance from trail 
a. path centers 
b. plots 1 m from path centers 
c. plots 2 m from path centers 
d. plots 3 m from path centers. 
Soil-textural influences were tested by adjusting means for covariance with soil-texture 
classes and percentages of sand, silt, and clay. 
Similarity coefficients for understory plot samples of vegetation were computed and 
displayed in a dendograph (a type of multivariate cluster analysis yielding groupings of plot 
samples with similar composition). This display was selected to help detect any major pattern 
in understory vegetation composition attributable to recreation or other influences. 
Average numbers of species per sample unit of understory plants were computed as an 
estimate of influences on the variation in plant diversity. 
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RESULTS AND DISCUSSION 
Understory Plant Composition 
Sanders (1969) studied the distributional patterns of herbaceous vegetation on forested 
slopes in central Iowa. He found that species exhibit scales of pattern related to plant mor-
phology and environmental factors, and suggested that understory distribution in Iowa is prob-
ably not random but rather systematically follows environmental patterns, such as soil fertility, 
which occur in random patterns. One might postulate that recreational use will further alter 
the distribution of understory species. 
Data obtained in this study provide information relevant to the question of how recrea-
tional use influences plant composition. The techniques of cluster analysis are employed to 
obtain a quantitative assessment of this influence. The logic of the quantification is that 
different locations under similar environmental-recreational influences should have similar 
species composition. A measure of the environmental-recreational similarity of the two 
sites i and j is provided by the coefficient 
s .. ~ 
IJ T 
where C denotes the number of species 
common to locations i and j and T denotes the number of species observed at location i plus 
the number at location j. This coefficient takes on the value 1 when the same species appear 
in both locations (highly similar) and the value 0 when the two locations have no species in 
common (highly dissimilar). 
In this study a given combination of one of four forest areas, one of three aspects, and 
one of four use distances from path is taken to be a location. Thus for the 48 difference loca-
tions a total of (4~) = 1127 similarity coefficients were calculated. Although these coefficients 
contain much intormation, it is difficult to understand such a large amount of data without 
further summarization. A useful summarization is provided by means of a dendograph (Fig. 2). 
The dendograph was produced by using the computer program described in McCammon and 
Wenniger (1970). Locations are arranged along the abscissa of the dendograph, and the ordi-
nate gives the measure of the degree of similarity of any two locations. The higher any two 
locations are linked together on the ordinate, the less similar they are. For example, a measure 
of the dissimilarity between locations WNl and DN3 is approximately 0.53. Bere locations 
WNl anq DN3 are identified as Woodman Hollow, north aspect, path center, and Dolliver Park, 
2 m from path center, north aspect, respectively. A complete location identification key is 
given in the figure title. 
The most readily interpreted feature of the dendograph is the "cluster", which contains 
15 locations beginning with YF2 on the extreme right of the dendograph and ending with the 
location YSl. All four forest areas and all four distances from path center are represented in 
this cluster. Also, with the exception of YSl, all the locations are from floodplain sites. We 
interpret this cluster as representing floodplain sites. It is also clear that "secondary" clusters 
within this "major" cluster tend to be associated with individual forest areas. Thus the overall 
interpretation of this first major cluster, apart from some aPnmaliP.s, is that floodplain sites 
generally have similar understory species compositions. Among the floodplain sites more ho-
mogeneity seems to occur within a forest area than between forest areas. Notably absent from 
this interpretation is any tendency for clustering according to distance from path. This obser-
vation prompts one to conclude that the influence of recreational trails on understory species 
composition in floodplain is minimal when compared with differences between forest areas. 
Apart from the exceptions WF2 and WF3, all other locations not included in the flood-
plain cluster just described are all upland locations. Thus we may deduce that the entire dendo-
graph shows two major clusters-upland and floodplain. Interpretation of internal clusters 
within the large upland cluster is difficult. However, these internal clusters tend to be associ-
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ated with either aspect or forest area or with both. Again , there is no indication of clus-
tering with respect to distance from path . 
A measure of how well a dendograph represents the original similarities is given by the 
cophenetic correlation coefficient (Sokal and Rohlf, 1962). For this study the cophenetic 
correlation was calculated to be 0.63, which is a relatively low value and indicates that the 
dendograph has distorted the original similarities considerably. This distortion, however, takes 
place mainly at low levels of similarity, and the representation at high levels is, generally 
speaking, quite good. With this caveat in mind, the main conclusion is still tenable-Le., 
location differences are attributable primarily to aspect, topoposition, and forest area rather 
than to distance from path. If the low-level similarities could be represented with greater accu-
racy, one might expect to obtain better descriptions of aspect, topoposition, and forest area 
than was possible with the dendograph. This information, however, is of secondary interest 
since the objective of this study is to determine recreational influences. 
A list of plants encountered in the sample plots is included in the appendix. 
Forest-Floor Properties 
Analysis of variance showed that distance from path, as well as aspect, had a significant 
influence on forest-floor properties. No other significant influences were revealed by analysis 
of variance. Path centers exhibit soil compaction resulting in higher soil-bulk densities because 
the packing of soil decreases pore space and increases weight per unit volume. Figure 3 illus-
trates the influence of recreational use as a function of distance from path on soil-bulk density 
and other forest-floor properties for each forest site. The average cover on path centers is 23% 
compared with 86%, 89%, and 90% ground-cover averages at distances of 1, 2, and 3 m, 
respectively, from the path center. The average cover for path centers is well below the 75% 
critical cover level determined by Orr and below which significant soil erosion occurs. There 
were also fewer species of plants per plot on the paths than in adjacent areas. Floodplain sites 
showed higher pH values near path center than at 2 and 3 m distance. These values may have 
been caused by increased capillary ability resulting from compaction on and near the path, 
contributing to increased movement of ground water up through underlying calcareous till. 
Figure 3 shows that, at distances 1, 2, and 3 m from the path centers, values for all 
measured variables are fairly uniform, and indicates that use is concentrated on the paths 
themselves rather than being dispersed over larger areas as in developed campgrounds and 
picnic areas. 
Management Implications 
The understory ground cover on paths of north-facing slopes was least affected by 
trampling. They retained an average of 36% ground cover at path center in contrast to 19% 
on the south slope and 14% on the floodplain . This is consistent with the results of Aikman 
and Smelser (1938) who found that north slopes in Iowa fo rests have higher soil moisture, 
lower ground temperatures, and higher soil organic matter than forests of other aspects. 
Disallowing the possibility that the north-slope paths could have received less recreational 
use, recreation-area managers should consider locating paths on north slopes whenever 
possible. This idea is reinforced by the bulk-density data, which show soil compaction to be 
less on north slopes. The greatest relative change in bulk densities with distances from path, 
indicating greatest compaction caused by use, occurred on south-facing slopes. The difference 
between forest aspects in relative bulk-density change (the difference between the path-center 
mean bulk density and the mean of off-path densities divided by the latter value) was quite 
striking. The relative changes were 13% for north slopes, 31% for floodplains,and 39% for 
south slopes. 
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Natural conversion of forest-flO'or vegetation to trample~resistance species did not occur 
on the Iowa recreation areas sampled, in contrast to the situation in California (Magill, 1963). 
Thus, if an Iowa recreation-area manager wishes to maintain forest trails in such vegetation, 
the latter must be introduced and cultivated. Usually trample-resistant species (e.g., bluegrass) 
are quite intolerant of competition for light and moisture, and their successful establishment 
depends on fairly large openings in the forest canopy, which are often undesirable from an 
esthetic point of view in forest preserves and parks . 
Perhaps the most pleasing news that this study brings to managers is that in Iowa wood-
lands people stay on trails. Condition of the forest floor is fairly uniform adjacent to trails. 
Site differences, presumably the result of natural differences in soils and micro-climate, have a 
much greater influence upon the character of the forest floor in trail corridors than does recre-
ational use. Even the unplanned, unsurfaced trails in this study efficiently contained trampling 
effects within one meter of the path centers. This suggests that a well-planned and maintained 
trail system could be a powerful tool in maintaining natural conditions in our forest preserves. 
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APPENDIX 
A list of forest-floor plants encountered in sample plots. Nomenclature for grasses 
follows Pohl (1966). That for other vascular plants is according to Fernald (1950), except for 
lower-case letters to begin specific epithets. 
Acer negundo L. 
Acer nigrum Michx. f. 
Adiantum pedatum L. 
Amphicarpa vracteata (L.) Fern. 
Anemonella thalictroides (L.) Spach 
A ralia racemosa L. 
A risaema atrorubens (Ait.) Blume 
A sarum canadense L. 
Aster cordifolius L. 
Aster sagittifolius Wedemeyer 
Aster ulmifolia 
Athyrium filix-femina (L.) Roth 
Bromus purgans L . 
Carex albursina Sheldon 
Carex blanda Dew. 
Carex pennsy lvanic.a Lam. 
Carpinius caroliniana Walt. 
Carya cordiformis (Wang.) K. Koch 
Carya ovata (Mill.) K. Koch 
Cryptotaenia canadensis (L.) DC. 
Cystopteris fragilis (L.) Bernh. 
Desmodium glutinosum (Muhl.) Wood 
Equisetum hyemale L. 
Eumycophyta 
Boletaceae (Mycetalia) 
Clavariaceae (Mycetalia) 
Gastromycetes (Mycetalia) 
Euonymus atropurpureus Jacq. 
Eupatorium purpureum L. 
Eupatorium rugosum Houtt. 
Festuca ob tusa Biehler 
Fraxinus spp. 
Fraxinus nigra Marsh. 
Fraxinus pennsy lvanica Marsh. 
Galium spp. (Galium boreale) 
Galium triflorium Michx. 
Geum canadense Jacq. 
Glechoma hederacea L. 
Gramineae 
Helianthus tuberosus L. 
Hepatica acutiloba DC. 
Hydrophyllum virginianum L. 
Hystrix patula (L.) Moench. 
Impatiens pallida Nutt. 
Lactuca spp. 
Lacutuca scariola L. 
Laportea canadensis (L.) Wedd. 
Menispermum canadense L. 
Mitella diphy lla L . 
Muhlenbergia schreberi J. F . Gmel. 
Musci (mosses) 
Amblystegium varium 
Anomodon minor 
Brachythecium ox ycladon 
Osmorhiza claytoni (Michx.) C. B. Clarke 
Osmorhiza longistylis (Torr.) DC. 
Ostrya virginiana (Mill.) K. Koch 
Oxalis stricta L. 
Parthenocissus quinquefolia (L.) Planch 
Phlox divaricata L. 
Phyrma leptostachya L. 
Plantago major L . 
Paa pratensis L. 
Podophy llum peltatum L. 
Polygonatum canaliculatum (Muhl.) Pursh 
Prunus spp. 
Prunus virginiana L . 
Quercus alba L. 
Quercus rubra L. 
Ranunculus abortivus L. 
Rhus radicans L. 
Ribes missouriense Nutt. 
Rudbeckia triloba 
Sambucus canadensis L. 
Sanguinaria canadensis L. 
Sanicula canadensis L . var. grandis Fern. 
Sanicula marilandica L. 
Sicyos angulatus L . 
Smilacina racemosa (L.) Desf. 
Smilax herbacea L. 
Smilax tamnoides L . var. hispida (Muhl.) Fern. 
Solidago flexicaulis L . 
Solidago nemoralis Ait. 
Solidago ulmifolia Muhl. 
Taraxacum officinale Weber 
Tilia americana L . 
.Tovara virginiana (L.) Raf. 
Trillium spp. 
Ulmus spp. 
Ulmus americana L. 
Ulmus rubra Muhl. 
Viola pensylvanica Michx. 
Viola sororia Willd. 
Vitis riparia Michx. 
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SPECIAL GOVERNMENTAL DISTRICTS IN THE 1970's: A STUDY 
IN LEGAL LEGERDEMAIN AND POLITICAL PALLIATIVES* 
Donald E. Boles** 
ABSTRACT. Major changes in demographic and socioeconomic characteristics of the United 
States have not been followed by corresponding alterations in traditional forms of local 
government. The service needs of rural-nonfarm dwellers and residents of exurbia are being 
met in a haphazard manner through the proliferation of mistily conceived units called special 
districts and through hodge-podge grants of additional ad hoc powers to existing counties. 
This study suggests almost a total lack of knowledge by policy-makers and citizens about 
special districts. In Iowa and the rest of the United States, generally, there are no uniform 
statutory reporting requirements, and the fiscal autonomy of such districts is frequently so 
substantial that they can maintain a notable degree of independence and remoteness from tra-
ditional governmental units and interested citizens. 
A basic problem concerning attempts to analyze special districts is the absence of a 
satisfactory working definition for them even though the United States Bureau of the Census 
and various scholars have attempted such a definition. The state legislators, citizens, and state 
agencies are either unaware of such definitions or frequently find them so contradictory that 
they are unable to formulate a working definition for their own utilization. The result is that 
neither state, federal agencies, nor researchers can be certain of even basic facts such as how 
many special districts exist within the state or what their functions and duties are, in fact. 
Nonetheless, special districts are growing substantially in the United States. More-
over, as revealed by the population di_stribution in the five states having almost 40% of the 
total, we can see that special districts serve both the interest of rural as well as urban resi-
dents. 
The advantages of such districts are many. They include the relative ease by which 
special districts may be formed to meet problems confronting a community. Tax and debt 
limitations applicable to cities and counties do not usually apply to special districts. The 
creation of a new district superimposed upon an existing governmental structure seldom 
threatens the status or tenure of established political leadership in the community. Special 
interest groups such as land developers have found the special district a useful vehicle for sup-
porting their operations such as financing subdivision improvements. 
There seems every reason to believe that the proliferation of special districts will con-
tinue as a key technique in meeting changing local problems in the public sector. 
INTRODUCTION 
One of the more curious features of American Civilization in the 20th Century is that 
major changes in the demographic and socioeconomic characteristics of the nation have not 
been followed by corresponding alterations in the basic forms of local governmental units. 
Thus, the population shift from rural farms to the cities began to be clearly observed with the 
*Journal Paper No. J-7884 of the Iowa Agriculture and Home Economics Experiment Station, 
Iowa State University, Ames, Iowa 50010. Project No. 1773. 
**Professor, Department of Political Science, Iowa State University, Ames, Iowa 50010. 
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the official closing of the fron tier in 1890 and crested to such a wave in the last several 
decades that, at best, a scant 7% of the population is presently classified as rural-farm, even 
with the liberal application of this term as permitted by the definition of the Bureau of the 
Census. Despite this clear change in reality, the geographic size of the county, the basic unit 
of local government in most of the U.S., has not varied from that time in history when it was 
designed to permit a typical American-a farmer, in that case-to travel by horse and buggy 
from his farm to the county seat and back to his farmstead in one day. 
Moreover, the other major demographic development nationally-the shift of popula-
tion from the major city proper to suburbia and exurbia-has seen no new local governmental 
form clearly emerge to meet the multitude of problems confronting the vast area of rural-
nonfarm dwellers in the country except for an occasional super government, such as the Dade 
County Metro or the joint Nashville-Davidson County, Tennessee. Instead, meeting the 
increased governmental service needs of rural-nonfarm dwellers in our exurban areas is at-
tempted through the proliferation of the mistily conceived units designated officially as 
Special Districts, which are the primary subject of this paper, and through hodge-podge grants 
of additional ad hoc powers to existing counties by state legislatures. 
COUNTIES TODAY 
As a recent publication of the Ford Foundation points ou t, the fastest growing units 
of local government in terms of new functions have been the so-called "urb,an counties"-the 
500 of the nation 's 3,000 counties that lie within metropolitan areas. 1 In addition, these 
counties have become major new partners in the American federal system as more and more 
federal and state programs are designed with counties or multi-county districts in mind as 
recipients of funds. 
From one viewpoint the geographic form and multi-j urisdictional coverage of many 
counties encompassing as they do municipalities and townships theoretically could give 
counties exceptional potential for guiding and serving the new metropolitan growth expanding 
from the central cities and older suburbs. Most counties are, however, rural-farm throwbacks 
to the 19th Century courthouse-style of government that earned them the reputation in text-
books as "The Dark Continent of American Politics." This seems clearly to be the case in 
Iowa. 
According to the Ford Foundation only 45 U.S. counties have full-time elected 
executives comparable to mayors or governors. This does not refer, of course, to appointed 
county managers, but instead to elective executives of the type called for in traditional ap-
plied American political theory of separation of powers and checks and balances. In addition, 
the Ford study found that the majority of American county governments lack adequate pro-
fessional staff. Moreover, the county supervisors or commissioners who run most of our 
counties make their living primarily as farmers, clerks, insurance brokers, or small business-
men, and their elected jobs are typically avocations. 2 Iowa has attempted to remedy this de-
fect somewhat by statutory stipulations making the position of an elected supervisor in 
counties with populations of more than 40,000 a full-time job.3 Cynics might argue that in 
actuality this distinction is more apparent than real in its affec t upon some who hohi such 
full-time posts in Iowa. 
This is noted, not to suggest that county supervisors are not representative of their 
constituencies, but to stress that they commonly lack the needed technical knowledge as well 
as the time necessary to acquire such knowledge on their own and to keep abreast with 
counties' changing problems brought about by the two major population trends noted earlier. 
In recent years one hopeful development in modernizing county officials' views of the 
county in the 1970's can be found in the growing vigor of National Association of Counties 
based in. Washington, D.C. Officials of counties in flux have been able recently to turn to this 
organization for badly needed technical advice and guidance. Yet, a mere 12 years ago the 
Ford Foundation found that NACO was insolvent and inactive, lacking full-time staff, and 
averaging but one call a week requesting assistance.4 What brought about this amazing meta-
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morphosis? Was it the reblooming of Jacksonian democracy's ideal-grass root enlightenment 
by local officials closest to the problem of county government? From the standpoint of the 
mythmakers it is sad to relate it was not this but almost its extreme opposite. During the 
1960's the major source of support for NACO's modernization was the Ford Foundation. 
Through Foundation fun.ds, NACO grew into a relatively strong, productive service agency for 
the counties, and serves as a "feedback" source for federal agencies and Congress concerning 
local needs and program effectiveness. Today the bulk of NACO's income ($571,286 in 1970) 
comes from membership fees and government contracts.5 
In passing it might be helpful to note some of the ways in which NACO provides regu-
lar assistance to county officials. Its weekly newspaper is a source of special technical assist-
ance as well as providing up-to-date reporting of matters affecting local governments through-
out the nation. A new county commissioner may receive advice, for example, on how to set 
up a department of public works for building new sewer and water facilities to serve his 
county's burgeoning population, or another may learn how to obtain lower bond interest 
rates. Information regarding methods of improving medical and coroner facilities as well as 
assistance to counties working toward home-rule authority also are examples of recent types 
of aids provided by NACO to various county officers throughout the nation. 
With the enormous increase in federal programs involving local governmental units in 
the 1960's an even more important job of NACO has been providing county officials with up-
to-date information on the more than 500 different federal aid programs and the techniques 
required to pick one's way through the various agencies typically responsible for administrat-
ing them. Seemingly simple local projects, such as how to put in a sewer line, involve four 
separate federal departments-Interior, Agriculture, Commerce, and Housing and Urban De-
velopment. Each has parts of such a program; each has different eligibility and planning re-
quirements and application forms. The newly elected county supervisor who conceives of his 
official duties if he conceives of them at all, as lounging around the courthouse exchanging 
livestock market quotations with his farm friends may find this side of local governmental 
administration formidable, at best. He can clearly use the assistance of some organization 
as the state university extension service or NACO. 
The foregoing is meant to suggest that, so far as counties as units of local government 
are concerned, there seems little likelihood at present that any significant desire exists among 
Americans to change notably their geographic boundaries or characteristics. Moreover, there 
there is little reason to be sanguine about counties meeting their changing and increasingly 
complex problems through the consolidation of county functions across county lines in those 
areas where population had declined drastically-unless, of course, there is no one left, which 
is effectively what occurred in South Dakota, for example, in the 1930's. Some states, as 
Iowa, do have permissive legislation, occasionally utilized, that authorizes joint-county merg-
ers in areas of peripheral county functions, such as county superintendents of schools; but 
such consolidation too frequently occurs only when the office or function has become an 
anachronism or a vestigal remnant of its former self. 
Another statutory device designed to help particularly rural counties with sharply de-
clining population also has proved in practice to go singularly unused by most of the affected 
counties. This is the authorization to permit the merging of county offices within a single 
county. In Iowa, for example, where this has beeri permitted since 1959, the sole attempt in 
the state by the citizens of Mahaska County to accomplish the consolidation of some of its 
county's offices was decisively defeated. 
It seems that Americans continue to be willing to muddle through with the county 
units essentially unchanged so long as the counties continue to be bailed-out of their diffi-
culties by the federal and state governments. And it seems that this will continue as long as 
various county officers' associations continue to be the potent force they are perceived to be 
in the state legislatures. 
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SPECIAL DISTRICTS 
If one analyzes the Census of Government of 1967 and compares it with those for 
past decades, the only striking change discernible regarding the alterations in the numbers and 
kinds of local units is found under the heading, Special Governmental Districts. Seemingly, 
the American reluctance to tamper with historical governmental forms such as the counties 
has resulted in the pragmatic solution of creating Special Districts to meet the challenges 
thrust upon local government because of major socioeconomic and demographic develop-
ments . 
Yet, careful study suggests an abysmal lack of knowledge by policymakers and 
citizens alike about this most viable form of governmental unit. If the counties constitute the 
"Dark Continent of American Politics" as noted earlier, Special Districts are clearly the phan-
toms of American government. The major purpose of this paper is to begin a tentative report 
on these complex and poorly formulated units as they seem to be developing in the U.S . 
generally and in Iowa in particular. This is undertaken with more than the usual scholarly 
humility because of the most elemental problems confronting the researcher, such as the fact 
that one cannot be certain even of the precise number of Special Districts existing in states 
such as Iowa since there are no uniform statutory reporting requirements of the sort that 
compel each functioning district to report to a central state office.6 This, of course, ad-
versely affects the data-gathering functions of the U.S. Census Bureau and impairs a careful 
statistical analysis of the kind that may be utilized when seeking trends present in counties, 
for example. 
Traditionally, the units of government in the U.S. have been divided into two classes, 
according to the breadth and nature of their functions and operations. The first category is 
that of the general governmental unit. This form includes the national and state governments, 
as well as local governments-such as county and municipal governments. These governments 
carry out a broad range of functions, including provision of public service in the areas of po-
lice protection, public health, welfare, and highways. 
The second category of governmental units exercises only limited and specific powers 
in narrowly prescribed areas. This is, of course, the category of the Special District, which, as 
its name suggests, carries out specific functions frequently in the proprietary or business 
field. 7 Drainage Districts created solely to provide drainage of farmland, School Districts, 
Soil Conservation Districts, and Fire Districts are illustrations of the more commonly recog-
nized districts of this nature.8 
The U.S. Bureau of the Census has noted that Special Districts make up the most 
varied units of government in the nation. They are found in every state and the District of 
Columbia, and they are concerned with a staggering variety of functions. There is, however, 
no uniformity in number or type of these governmental units among the 50 states.9 
DEFINITION 
Unfortunately, there is no completely satisfactory definition of the term Special 
District. Indeed, the absence of a good working definition probably says more about the 
nature of the complexity of Special Districts than anything else. 1 0 Moreover, Special Dis-
tricts seem to exhibit different characteristics to different authorities. There is, however, 
some general agreement on some of the elements commonly present and constituting 
something of the essence of Special Districts. 
One of the more comprehensive definitions has been offered by Professor John C. 
Bollens, who suggests that Special Districts are "organized entities, possessing a structural 
form and official name, perpetual succession, and the right to sue and be sued, to make con-
tracts and to obtain and dispose of property. They have officers that are popularly elected or 
chosen by other public officials. They have a high degree of public accountability. More-
over, they have considerable physical and administrative independence from other govern-
ments." The financial and administrative criteria, Bollens feels, distinguish Special Districts 
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and other governments from all dependent or subordinate districts and from most authorities 
that, lacking one or both of these standards, are not considered governmental units. 10a 
There are, however, other authorities and various state supreme courts who do not ac-
cept all of Bollens' criteria, particularly those suggesting that Special Districts have the quality 
of a public municipal corporation with the right to sue and be sued. The high courts of vari-
ous states have held, instead, that a variety of generally recognized types of Special Districts 
are only quasi-municipal corporations with definitely restricted powers and liabilities. Fire 
Districts, for example, were held to be of this character by the Massachusetts Supreme 
Court 11 , and Road Districts have been classified as quasi-public corporations by state high 
courts in some states such as Louisiana. 12 
Indeed, the Iowa Supreme Court in 1859, in what seems to be its first encounter with 
the concept of Special Districts, held that even though the Iowa statutes provided specifically 
that each road district was to be responsible for all damages sustained by a person in conse-
quence of defects in the roads or bridges in the district, the districts could not, in fact, be 
treated as a public corporation and could not, in this case, be sued for the value of a horse 
injured in falling through a bridge. The Iowa court went even further and held that a road 
district could not be a party to an action in a court as a corporation, quasi or otherwise, 
since no statute made them a body corporate capable of suing and being sued. 13 In 1971, 
however, the Iowa Court modified that extreme approach to Special Districts and held that 
drainage districts, at least, are political subdivisions of a county, and that in Iowa (as is true 
in most other states) the county is held to be a quasi-public corporation 14 and not subject to 
the legal liabilities or granted the general powers held by a public municipal corporation. 15 
Moreover, the Iowa Court has held consistently in a number of cases that drainage districts 
are not a legal utility or a public corporation. Thus, they cannot be sued nor incur corporate 
liability; they have only characteristics of their own-not the powers granted to cities and 
towns or possessed by private individuals. 16 
Later Iowa law reflects a fine example, however, of how confusion is compounded 
over the legal status of Special Districts and their governmental and corporate position. The 
statutes concerning the creation of Soil Conservation Districts state flatly that, "The district 
shall be a body corporate .... " 17 Moreover, in some of the most recently enacted legislation-
that creating the six major watershed Conservancy Districts in 1971-the Iowa statutes pro-
vide, "In the furtherance of the objectives set forth in Section 467D.1 , the entire State of 
Iowa shall be divided into six Conservancy Districts, and the same shall hereby be established 
as political subdivisions of the state .... " 18 It is, of course, too early to determine what the 
words of the statute will be interpreted to mean concerning actual governmental authority 
and legal responsibility of such Special Districts. 
In addition to being defined as quasi-governmental units, Special Districts have been 
divided by the President's Commission on Intergovernmental Relations 19 into single-function 
districts and multi-function districts. The single-function district, by Commission standards, 
is one with debts under $100,000 or with fewer than five full-time employees and deals with 
one service. Examples of the single-function district are fire districts, water supply districts, 
housing and urban renewal districts, sewage districts, park and recreation districts, and utility 
districts. 
Multi-function districts, as the Intergovernmental Relations Commission sees them, 
are those responsible for several governmental functions, such as water supply and sewage 
disposal. Their numbers had declined from 510 in 1957 to 310 in 1962, and the Commission 
thought this decrease would continue because of changes in classifications in this area by the 
Bureau of the Census. Such districts must have more than five employees and more than 
$100,000 indebtedness. 
The difficulty in finding a consensus concerning a definition of Special Districts ne-
cessitates following the definition developed by the Bureau of the Census, despite its short-
comings, if one hopes to work with some generally accepted and uniform data. The Bureau 
of the Census counts Special Districts as governmental units by applying the standards which 
it uses for all governmental units. These include: 
1. Existence as an organized entitity 
2. Governmental Character 
3. Substantial autonomy 
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To be accepted officially as government by the Census Bureau an entity must possess all three 
of these attributes. 
The question that arises then is what are some of the characteristics the Census Bureau 
will normally accept as evidence of the first criterion. Does a governmental unit exist as an 
organized entity? The presence of some form of governmental structure and organization 
and the possession of some corporate power such as perpetual succession are of key impor-
tance to fulfill the first requirement. Also, the right to sue and be sued, the right to have an 
official name, and the right to make contracts as well as to acquire and dispose of property 
are important factors, although all are not essential in an absolute or unlimited degree. To 
fulfill its first requirement for consideration as a ,governmental unit, the Census Bureau also 
will accept the designation of a governmental entity by statute classifying it as a "municipal 
corporation," "public corporation," the designation "body corporate and political," or simi-
lar titles, indicating that the state legislature conceived of such units as organized entities. On 
the other hand some entities not specifically classified by statutes to be public corporations 
may, and in some cases do, have sufficient powers in fact and law to be recognized by the 
the Census Bureau as formal governmental units.~ For example, counties are frequently 
referred to by most courts as quasi-corporations, yet are, of course, listed in the Census of 
Governments as formal governmental units. 
So far as the Census Bureau is concerned, the mere right by law to exist is not suffi-
cient to automatically include an entity as a governmental unit . Where, for example, a formal 
governmental unit has ceased to operate or receives no revenue or conducts no activities and 
has no current office holders-as in ghost towns or ghost townships-it will not be counted an 
existing unit of government even though, according to state statutory provisions, it has not 
legally become defunct. 21 This fact compounds the problem of obtaining precise data on 
Special Districts, particularly because most states, including Iowa, have not even developed a 
uniform definition or central records' repository to determine how many and what kind of 
Special Districts may exist under the state's criteria. Indeed, in Iowa at no time in any of the 
statutes or in the legal indices are Special Districts even referred to by that formal title, nor is 
the statute law pertaining to them either uniformly codified or indexed. 
The second standard followed by the Census Bureau to determine whether or not a 
governmental unit exists is whether a particular entity has governmental character. This 
characteristic generally is indicated when officers of the governmental body are popularly 
elected or are appointed by officials of another established governmental unit, such as a 
county board of supervisors. 22 The Census Bureau claims that it insists upon a high de-
gree of responsibility to the public, demonstrated requirements of public reporting, or the 
accessibility of records to public inspection as critical evidence of a governmental character; 
but the hodge-podge reporting techniques permitted Special Districts and some other local 
governmental units in Iowa and other states cast doubts on the intensity of the Bureau's com-
mittment to this evidentiary criterion. Governmental character is also attributed to any en-
tities having power to levy property taxes or to issue interest bearing notes that are exempt 
from federal taxation, or to those units having responsibilities for performing functions com-
monly regarded by the Census Bureau as being governmental in nature . 
If these criteria are not sufficiently obscure, the Bureau of the Census insists that the 
lack of these attributes or a paucity of evidence concerning them, however, does not preclude 
a class or unit from being recognized officially as governmental in character. If they meet the 
indicated requirement as to offices with public accountability, they will normally be consider-
ed governmental in the eyes of the Census Bureau . Thus, some Special Districts, although 
they have no taxing power and have power only to provide services widely rendered privately, 
are formally classed and counted as local governments by the Bureau of the Census because 
of statutory provisions as to their administration or public accountability. 23 
How loosely this criterion is applied in reality may be seen by the fact that of the 13 
different classes of Special Districts noted in the Census reports for 1957 and 1967, only the 
two conservation districts (one of which is not listed in the Census) have specific statutory 
requirements spelling out a need for public reporting. Conservancy districts are required to 
submit budget reports by August 1 of each even-numbered year24 ·and to prepare a long-range 
plan to be submitted to the state Soil Conservation Committee by July 1, 1973. 15 In addi-
tion the Soil Conservation Districts are required to report to the Soil Conservation Commit-
tee, which in turn is to report to the Governor each hnuary 1 before the beginning of the 
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legislative session~ and to present an annual budget report to the State Comptroller each 
September 1. 27 
We come finally to the third factor used by the Bureau of the Census to determine if 
an entity can qualify as a governmental unit-that is, substantial autonomy. This requirement 
is normally met where, except for statutory limitations and general supervision of the local 
government by the state government, the entity has considerable physical and administrative 
independence. Physical independence generally derives from the power of the local entity to 
determine its budget without review or detailed modification by other government officials 
or governments. It includes, as well, substantial local authority to determine taxes levied for 
its support and the power to fix and collect charges for services or to incur debts without re-
view by another local government. 28 The Census Bureau accordingly concludes that a public 
agency is classified as an independent unit or government if it has independent physical 
powers and, in addition, has: (1) a popularly elected governmental body, (2) a governing 
body representing two or more state or local governments, or (3) in the event that its govern-
ing body is appointed, if it performs functions that are essentially different from thoseofits 
creating government or is not completely subject to total control by that governmental unit.29 
When considering Special Districts a governmental unit, it is important to recognize 
that certain other factors can be important in the Census Bureau's classification. The Bureau 
recognizes, for example, that the infinite variety of statutory provisions regarding local 
governmental entities, and particularly the shading of autonomy that they exhibit, leaves the 
classification of some types of entities, such as some Special Districts, subject to considerable 
judgment. In come cases the Census Bureau takes into account, first, local attitudes as to 
whether the type of unit involved is independent or not. In this way, for example, the 
Bureau dropped the Iowa townships as governmental units in 1950 on the basis of the judg-
ment of William Anderson, Professor of Political Science at the University of Minnesota. A 
second consideration of the Bureau in this respect is the effect of its decision upon the col-
lection and presentation of statistics of governmental finance and employment. 30 This is 
.especially important in a study of Special Districts because of the great difficulty in gathering 
data concerning their mere existence and questions of who is given the authority of reporting 
their existence, their functions, and their accomplishments. 
GENERAL FEATURES 
Special Districts may be provided for through state constitutional prov1s10ns or 
through statutory authorization-by far the most common method for creating the bulk of 
these districts in the United States. The proliferation of the number and kinds of Districts is 
partially accounted for by the relative ease in which state statutes permit their creation. In 
most states the legislature, through laws dealing with the specific types of Districts, spells out 
the guidelines as to how the people may initiate action, and generally outlines the tax and fis-
cal procedures that enable the District to become a going concern. 
Typically, a first step is the circulation of a petition, which must be signed by the re-
quired number of legal residents or property owners in the affected area. Petitions in most 
states must identify the type of district proposed and indicate clearly the geographic area to 
be included. With the necessary signatures obtained, the next step involves submission of the 
petition to the appropriate local governing body, which is commonly the County Board of 
Supervisors. Action of the county board may be pro forma and consist merely of accepting 
the legality of the document. On the other hand, the Supervisors may concern themselves in 
depth with the merits of the District, and, on this basis, deny or grant the petition. In most 
states favorable action by the county board-a third stage of the process-then calls for sub-
mitting the proposal to the electorate for their approval. Normally this requires a simple ma-
jority of the votes cast, although occasionally the statutes require a 3/5 or even a 2/3 vote to 
create certain types of Special Districts. The final step is taken when the Board of Super-
visors issues an official declaration bringing the new District into being. 
In Iowa all Special Districts, except for Conservancy Districts and State Park and 
Institutional Road Districts, have their creativ~ process begun by petition of the electors in 
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the proposed district. The latter two types of districts are created by state statute. Sanita-
tion and Library Districts provide for popular election on petition and for approval by a 
simple majority vote.31 Soil Conservation Districts in Iowa most differ from the norms just 
noted, since the statutes provide for the petition, election, and certification to be processed by 
the State Soil Conservation Committee. Following this the district may be created at the dis-
cretion of the State Committee.32 
The internal organizational pattern of Special Districts differs widely from state to 
state, but some common characteristics are observable. First, they will have a governing board 
composed normally of three, five, or occasionally seven members. These members are typi-
cally referred to as trustees, commissioners, directors, or supervisors; and are elected by the 
voters of the District for terms ranging from 4 to 6 years. As previously noted, board mem-
bers in a minority of Districts are appointed by county boards or state committees, or in some 
instances hold ex officio office.33 
In Iowa popular elections of one type or another are used for the selection of board 
members of Water Districts, 34 Fire Districts, 35 Street Light Districts, 36 Sanitation Dis-
tricts, 37 and Soil Conservation Districts :ll with an assist from the State Soil Conservation 
Committee. 39 On the other hand, for Levee and Drainage Districts 40 and for Secondary 
Road and Assessment Districts41 the County Board of Supervisors acts ex officio as the 
trustees. Still another technique is followed for Library Districts, where the trustees are ap-
pointed by the County Board. 42 The State Soil Conservation Committee acts separately as 
the board on each of the Conservancy Districts.43 The directors of Rural Water Districts are 
elected by the mass meeting of district members rather than by the general election form. 
State Park and Institutional Road Districts trustees are the trustees or directors of the park or 
institution.44 
Another characteristic common to most Special District governing boards concerns 
some control over the tax rates to be imposed upon the residents of the district for the par-
ticular service of the district. In Iowa methods of funding the district operations are as di-
verse as the variety of Special Districts. For example, Sanitary Districts receive funds through 
service charges, issuance of bonds, a tax levied by the trustees, and special assessments.45 
County Library Districts obtain funds from gifts, donations, and taxation authorized by the 
County Board or City Council. 46 Benefited water districts rely upon an engineer to assess 
benefits, and funds are also derived from assessments levied with the regular tax and addition-
al assessments on private improvement among other methods. 47 Both Benefited Fire Dis-
tricts and Benefited Street Lighting Districts follow funding procedures similar to those for 
Water Districts.48 
Secondary Road Assessment Districts obtain funds from county road funds, special 
assessments, and road certificates issued in anticipation of funding.49 Conservancy Districts 
derive funds primarily through biennial budget requests to the State Soil Conservation Com-
mittee and from federal funds. 50 Two methods of gathering revenue are used by Soil Conser-
vation Districts. The first is a special annual tax approved by a majority of the landowners in 
a district and levied by the Board of Supervisors; the alternate method is used when no con-
sensus emerges and involves appraising, hearing, and determination by the trustees. 51 
Drainage Districts have perhaps the most detailed and complex funding procedure 
provided for by statute. Essentially it involves an engineer's assessment of damages, formal 
examination by the governing board, a hearing on assessment of damages, cross appraisal by 
appraising commissioners, extensive payment options, issuance of warrants and bonds, and an 
extensive provision relating to refunding and indebtedness. 52 
Although Rural Water Districts53 are prohibited from taxing they do have two 
unique revenue sources. The first is through a use fee or "benefited unit," and the other is 
through fixing a reasonable rate55 for the sale of water. 56 
These examples should demonstrate graphically that nothing remotely resembling uni-
form funding procedures exists in the Iowa approach to financing the operations of Special 
Districts. Although it would probably be impossible and unwise to attempt to establish total-
ly uniform funding methods, the absolute diversity that exists does suggest the absence of any 
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general theory regarding the reason for existence of Special Districts within the overall frame-
work of state and local government here and elsewhere. 
Another feature, which Special Districts appear to have in common throughout the 
United States, is the authority granted to the governing board to hire specialists or techni-
cally trained staff. Their duty is, of course, to expedite the functions of the district. School 
Districts, which have been generally excluded from this study because of the mountains of re-
search and special laws dealing with them, have as one of their primary functions the hiring of 
professionally trained staff and administrators. In Iowa interestingly enough Rural Water Dis-
tricts 57, Sanitary Districts 58 , Library Districts 59, and Conservancy Districts00 are the only 
nonschool types of Special Districts to have specific statutory authorization for the hiring of 
professional staff. The remaining Iowa districts have broad general grants that would seem to 
accomplish the same purpose.61 
A final feature on which most of the previously mentioned studies of Special Districts 
agree that these units have in common is the high degree of informality permitted by statute 
concerning their organizational structure and many of their procedures. Typically they have 
few employees, enjoy almost unrestricted freedom in the selection and the dismissal of these 
employees, and as mentioned before, maintain few detailed records. Moreover, while these 
districts taken individually perform only one or, at best, two services, when considered as a 
whole, Special Districts within a state cover a large and varied range of functions. Indeed 
they can, and sometimes do, provide more services than do such well-recognized governmental 
units as townships, small towns, and even counties in certain instances. 
Some notion of the scope of authority beyond the immediate function for which they 
were established may be seen by a survey of additional powers granted to various Special Dis-
tricts in Iowa. All Districts here, except for Park and Institutional Road Districts, have the 
power to buy, sell, maintain, and house equipment. 62 Benefited Water Districts have the 
general power to purchase, obtain, and condemn property. 6.3 Even Library Districts have 
the power of eminent domain. fi4 Sanitary Districts are given the power to acquire land and 
to sue or be sued, Fire and Street Lighting Districts are authorized by statute to dissolve 
themselves, and Drainage Districts are granted a substantial number of specific powers re-
lating to drainage and flood protection but have additional powers to sue, abate nuisances, 
and to purchase land. ffi Soil Conservation Districts may compel the cooperation of land-
owners in erosion control projects. They have also the power to subdistrict, to condemn, to 
inspect, to seek judicial enforcement of their orders to enter land without permission, and to 
enter into compacts with federal and state agencies. 67 
Iowa's new Conservancy Districts have especially broad powers including the authori-
ty to force landowners to install conserving practices if they are found negligent of good land 
use. Historically, soil conservation has tended to be a voluntary matter left to the discretion 
of the property owner. 68 The new law makes it possible for uncooperative landowners to be 
found legally negligent and subject to fines or imprisonment if they fail to comply with court 
orders to install soil-conserving practices. With the cooperation of Soil Conservation Districts, 
soil loss limit regulaltions are developed, applied to the Conservancy District, and can be en-
forced. This mandate is mitigated by the law, which stipulates that 75% of the cost must be 
provided from tax funds to landowners in cases where permanent conservation measures such 
as terracing, erosion control structures, and long-range seeding are required.69 
DIRECTION OF CHANGE 
The attempt to devise general categories into which all Special Districts in the nation 
can be fitted has produced varied results. It is important to obtain some working consensus 
on this point if patterns of change are to be studied. Bollens in his book -;u establishes 11 
classes including: health and sanitation, protection to person and property, road transporta-
tion facilities and aids, non road transportation facilities and aids, utilities, housing, natural 
resources and agricultural assistance, education, parks and recreation, cemeteries, and miscel-
leaneous operations. 
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On the other hand, as Table 1 reveals, the Bureau of the Census, while following a 
similar approach, presents 13 functional units. Moreover, this designation and certain other 
Census Bureau designations do not correlate perfectly with Iowa Special Districts as covered 
in the state's statute law, in part because the Iowa Conservancy Districts did not exist at the 
time of the completion of the last full Census of Governments. For the purposes of this study 
Table 1.71 Functional Classification of Special Districts in the United States. 1962 Census of 
Governments. 
Natural Resources Number 
Percentage of National 
Total 
Soil conservation 2,461 13.4 
Drainage 2,240 12.2 
Irrigation, water conservation 781 4.3 
Flood control 500 2.7 
Other and composite natural 
resources purposes 176 1.0 
Fire Protection 3,229 17.6 
Urban Water Supply 1,502 8.2 
Cemeteries 1,283 7.0 
Housing 1,099 6.0 
Sewerage 937 5.0 
School Buildings 915 5.0 
Highways 773 4.2 
Parks and Recreation 488 2.7 
Hospitals 418 2.3 
Libraries 349 1.9 
Other Single-function Diestricts 862 4.7 
Multiple-function Districts _.llQ_ _LL 
Total 18,323 100.0 
the Census Bureau classifications are followed to have some basis of comparison over the de-
cades. Where statutory provisions require some alteration for Iowa data, this has been in-
cluded in the material for Iowa only. Table 2 is derived from a comparison of the 1957 and 
1967 (which is the most recent) Census of Governments. It has some interesting things to 
suggest about the Special Districts' changing role in the evolution of American local govern-
ment. Among the more obvious percentage increases in districts of a specific sort are in Flood 
Control, 216.7; Urban Water Districts, 171.9; Parks, 93.9; Housing, 61.5; and Hospital Dis-
tricts, 55.6%. Keeping in mind that school districts are excluded from these tables and this 
study, the only class of Special Districts that declined in number over the 10-year period is 
Irrigation Water Districts, whose numbers were reduced 60% nationally. Some of the DistriCts 
that increased substantially in number are designed primarily to meet the problems of urban 
dwellers, such as Urban Water Districts. Others with marked increases in numbers, however, 
provide substantial services for rural farm and nonfarm persons. This again demonstrates the 
remarkable versatility of Special Districts to meet highly diversified problems of people in 
varied locales. Indeed, if one looks at the five states that account for 38% of the total number 
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Table 2. 72 Changes in the Number of Functional Special Districts Units in the United States 
1957-1967. 
Number 10-Year Change 
Type of District 1967 1957 Number Percent* 
Cemeteries 1397 1107 290 26 .2 
Drainage 2193 2132 61 2.9 
Fire Protection 3665 2624 1041 39.7 
Flood Control 662 209 453 216.7 
Highways 774 782 -8 1.0 
Hospitals 537 345 192 55.6 
Housing 1565 969 596 61.5 
Irrigation Water Conservation 904 2265 -1361 -60.0 
Libraries 410 322 88 27.3 
Multi-purpose 453 217 236 108.8 
Parks 613 316 297 93.9 
Soil Conservation 2571 2265 306 13.5 
Urban Water 2140 787 1353 171.9 
Other Single Function 982 43 939 2183.7 
18866 14381 4485 
*The percentage change between 1957 and 1967 is the ratio of the absolute number of new 
districts in 1967 to the absolute number of Special Districts in 1957. For example: Cemetery 
districts' percentage of increase 1957-1967 290/1107 = .26 or 26%. 
of Special Districts nationally-Illinois, California, Pennsylvania, Kansas, and Texas-{Table 3) 
one sees they have rural as well as urban residents for whom these Districts meet basic needs. 
Iowa, according to the 1967 Census figures, ranked twenty-first from the top state in 
respect to the number of Special Districts. The numbers had increased here from a total of 
199, which the Census lists in 1957, to 280 in 1967, which moved the state up one notch in 
the national rankings. The 81 additional districts in 1967 constituted a 40.7% increase during 
the 10-year period. This rate of increase for Iowa was above the average increase for the states 
of the nation, which was approximately 32%. 
Looking specifically at the evolution in Iowa of Special Districts, found in Table 4, 
we see that, apart from Conservancy Districts, created after these figures were published, the 
major percentage increases occurred in Library, Sewerage, and Highway Districts. In terms of 
total numbers, however, these increases are small for the 10-year period. Of the districts 
shown in Table 4, 65 are located by the Census Bureau in Standard Metropolitan Statistical 
Areas, and 215 are outside SMSA's and thus involve small town or rural areas of Iowa. The 
SMSA designation is not shown on Table 4. 
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Table 3. 73 Comparison of Total Number of Special Districts by State. 
Name of State 
Alaska 
Hawaii 
Virginia 
Wisconsin 
Delaware 
Rhode Island 
Vermont 
Arizona 
New Hampshire 
Nevada 
New Mexico 
South Dakota 
Michigan 
West Virginia 
Maine 
Minnesota 
Sou th Carolina 
Utah 
Wyoming 
Maryland 
Montana 
Oklahoma 
North Carolina 
Connecticut 
Ohio 
Massachusetts 
Alabama 
Mississippi 
Kentucky 
Iowa 
Florida 
New Jersey 
Louisiana 
Georgia 
Arkansas 
Tennessee 
North Dakota 
Idaho 
Indiana 
Missouri 
Colorado 
Oregon 
Washington 
Nebraska 
New York 
Texas 
Kansas 
Pennsylvania 
California 
Illinois 
1957 
2 
17 
40 
78 
64 
51 
72 
50 
80 
58 
112 
69 
102 
32 
107 
92 
112 
118 
133 
155 
174 
105 
111 
187 
160 
205 
119 
248 
157 
199 
227 
140 
217 
255 
254 
195 
168 
431 
313 
827 
421 
550 
745 
610 
924 
645 
808 
34 
1650 
1800 
1967 
0 
15 
48 
62 
65 
67 
72 
76 
89 
95 
97 
106 
110 
120 
127 
148 
148 
163 
185 
187 
209 
214 
215 
221 
228 
247 
251 
272 
273 
280 
310 
311 
334 
338 
352 
386 
431 
513 
619 
734 
748 
800 
937 
952 
965 
1001 
1037 
1624 
2168 
2313 
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In 1967, the only types of Special Districts that 74 were predominantly located in 
Standard Metropolitan Statistical Areas were Water Districts (34 were located within and 7 
outside the SMSA's), and Library Districts (3 of the 4 were inside SMSA's). On the other 
hand, all Flood Control Districts and Highway Districts were outside the SMSA boundaries. 
Moreover, the overwhelming bulk of Soil Conservation Districts, (91 out of 99) are outside 
SMSA's, as are the bulk of Drainage Districts (76 out of 83). Only Fire Districts show a 
slightly balanced ratio in this regard with 11 of them inside SMSA's and 27 outside. This 
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suggests that Special Districts are predominantly utilized by the rural and small town citizenry 
in Iowa. 
CONCLUSIONS 
In concluding a preliminary study such as this, one may ponder the reasons for the 
growth and expanding vigor of Special Districts in the U.S. when other local governmental 
units seem to be treading water or in danger of sinking. No one can deny some of the signifi-
cant advantages that further attest their political acceptability. The relative ease with which 
they may be formed enables them to meet the problems of an area or region quickly without 
overcoming the institutional inertia that is so often present in trying to regear existing govern-
mental units. Tax and debt limitations applicable to existing cities and counties are generally 
not applicable to Special Districts, thus making them attractive as means for circumventing 
such limitations. Territorial boundaries of existing governmental units, which are guarded so 
zealously, may not and frequently do not coincide with the service needs a District can fulfill. 
A most important pragmatic advantage is the fact that the creation of a new district superim-
posed upon the existing governmental arrangements seldom threatens the status or tenure of 
established political leadership in the community-a threat present in proposals for consolida-
tion or annexation. Moreover, special interest groups such as land developers have found in 
the Special District a useful vehicle for supporting operations such as financing subdivision 
improvements or acquiring other economic benefits. Special Districts have also been support-
ed as a means of removing public service functions from the realm of partisan politics and 
placing them in the hands of professional nonpartisan managers. 
Table 4. 75 Changes in the Number of Functional Special Distirct Units in the State of Iowa, 
1957-1967. 
Number 10-Year Change 
Type of District 1967 1957 Number Percent* 
Single function, total 280 197 83 42.1 
Fire protection 38 0 38 ** 
Highways 2- 1 1 100.0 
Sewerage 6 3 3 100.0 
Libraries 4 1 3 300.0 
Natural resources, total 189 169 20 11.8 
Drainage 83 60 23 38.3 
Soil conservation 99 100 -1 -1.0 
Flood control 7 6 1 16.6 
Irrigation, water conservation 0 0 0 0.0 
Multi-purpose 0 3 -3 -100.0 
Water supply (utility) 41 23 18 78.2 
Other 0 0 0 -100.0 
Multi-function, total 0 2 -2 -100.0 
Total without School Districts 280 199 81 40.7 
School Districts 478 3665 -3187 -86.9 
Total with School Districts 758 3864 -3106 -80.3 
*The percentage change between 1957 and 1967 is the ratio of the absolute number of new 
districts in 1967 to the absolute number of Special Districts in 1957. 
**incalculable 
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As with everything else in life , Special Districts are not without shortcomings. Be-
cause of statutory restrictions limiting their flexibility, such districts are frequently not as 
effective as is necessary to meet the true problems confronting them. Special Districts may 
not be responsive to broad public needs because their governing boards are commonly chosen 
by only a select segment of the population or may be appointed by other officials. Moreover, 
these activities of Special Districts may overlap the jurisdiction of existing units of local 
governments, thus precipitating bitter boundary disputes. Also, as the Iowa law so clearly 
demonstrates, the Special Districts' role in the eyes of the state legislature is at best ambiv-
alent, which tends to cause difficulties of a substantive and procedural nature. 
On balance, there seem to be many reasons for believing that proliferation of Special 
Districts will continue as a key technique in meeting changing local problems in the public 
sector. From all appearances they should be of growing importance to states in transition, 
such as Iowa, and require more and comprehensive study as our most viable governmental 
units. 
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PARAGLOMERULAR DIVERTICULA OF THE DISTAL TUBULE 
IN THE CANINE KIDNEY I Michael J. Brown 1 
PRELIMINARY REPORT 
As a part of the gerontology program in the Department of Veterinary Anatomy at 
Iowa State University, tissues from 360 dogs have been accumulated over the past 20 years 
for studies on age changes in histomorphology. In the course of such a study on the canine 
kidney, a previously undescribed histological feature has been encountered. 
Observation of canine kidney sections stained by the periodic acid Schiff (PAS) 
method has revealed the presence in the cortex of follicle-like structures that contain a strong-
ly PAS-positive precipitate. These were detected in approximately 95% of random sections 
contained in the tissue collection, including all breeds of dogs represented, both sexes, and all 
ages from one day to 19 years. 
Detailed study of serial sections of one canine kidney and of favorably oriented ran-
dom sections of others has shown the follicles to be, in fact, diverticula of the distal convo-
luted tubule. These arise from the distal tubule, adjacent to its macula densa. The tubular 
segment or neck of the diverticulum is often nearly closed, but can sometimes be seen to con-
tain a strand of the PAS-positive precipitate. The bodies of the diverticula are variable in 
size, but are generally of smaller diameter than the glomeruli. They lie between a glomerulus 
and its interlobular artery, in contact with the afferent glomerular arteriole. They are lined 
by low cuboidal epithelium similar in staining properties to that of the distal tubules. 
Diverticula containing a PAS-positive precipitate have been found in association with 
only a small percentage of the nephrons, but no quantitative evaluation of their occurrence 
and distribution has been made. Difficulties that may account for failure of earlier investiga-
tors to describe these structures include their small size, their scarcity, and their resemblance 
to cross-sections of tubules containing hyalin casts. 
Because of the close proximity of these structures to the glomeruli of the nephrons 
with which they are associated, they are referred to as "paraglomerular diverticula". Use of 
the term juxtaglomerular has been avoided to avert unproven assumptions concerning their 
relationship to the juxtaglomerular apparatus. 
The precipitate contained in the paraglomerular diverticula stains like thyroid colloid 
by routine techniques. The PAS-positive characteristic suggests that it contains an insoluble 
glycoprotein. In view of the structural resemblance of the paraglomerular diverticula to thy-
roid follicles, it is conceivable that they, too, may be sites of production, storage, and re-
lease of a hormonal factor. Their close anatomical relationship to the juxtaglomerular appa-
ratus suggests that this factor could be hematopoietin or renin. Since the neck appears to be 
patent in most examples of this structure so far examined, there may be a functional as well 
as anatomical communication between a distal tubule and its diverticulum. 
A full report on these findings will be submitted upon construction of a wax model 
from serial sections to show the paraglomerular diverticula three-dimensionally. 
1 Associate, Department of Veterinary Anatomy, Iowa State University, Ames, Iowa 50010. 
